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1.0 INTRODUCTION

11 Background

Accurate weether and climate data are important tools used by natural resources
managers in planning and decison-making (e.g., weather precriptionsin fire
management). Under the Nationd Park Service Inventory and Monitoring Program,
minima data sets for parks include precipitation and other westher variables. As part of
the nationd program, the Prairie Cluster Long- Term Ecologica Monitoring (LTEM)
Program will focus on monitoring terrestrid plant communities and rare plant
populationsin smdl nationd parksin mid-continent areas. Wesather and climate affect
the structure and function, including biomass production, species compaosition, and
diversty, of grasdand ecosystems. Therefore, continuous weather monitoring is akey
factor in separating the effects of climate from the effects of management actions on plant
community and population dynamicsin prairie parks. Although the protocol was
developed to monitor wegther a Pipestone National Monument (PIPE) in Minnesota and
Wilson's Creek Nationd Battlefidd (WICR) in Missouri, it can, with minor modification,
be used at other parks with smilar weather monitoring objectives and instrumentation.

1.2 Obj ectives of weather monitoring

The objectives of the weather monitoring protocol are to provide park managers
and cooperators with 1) park-specific monthly and annud dimate summaries, 2) habitat-
specific climate data relevant to predicting population dynamics of two federdly listed
rare plant species, 3) year-to-year varigion in plant communitiesin relation to yearly
climate fluctuations, and 4) input datafor Nationa Fire Danger Rating System (NFDRYS)
fire weether indices cdculations.

20 MONITORING PROTOCOL

21 Weather station locations

On June 19, 1995, an automated weether station was ingtalled on North Bloody
Hill Glade at WICR. On June 19, 1995, a second station was installed adjacent to
Management Unit 2 & PIPE (Figure 1). The primary factor in determining locations of
these stations was proximity to habitat of the endangered Missouri bladderpod at WICR
and the threatened western prairie fringed orchid at PIPE. World Meteorologica
Organization (WMO) (1969) criteriafor locating westher stations were followed as
closdly aspossble. However, at WICR, smal trees are located within the 300-m zone
that the WM O recommends be free of obstructions. At PIPE the resources manager's
office a PIPE is dso dtuated within the 300-m zone in the direction opposite the
prevalling wind direction.



2.2 Westher station specifications

Wesgther stations currently in use at PIPE and WICR are Campbe |l Scientific, Inc.,
Modd CM10 field dations (Figure 2). These stations are self- contained insrument
packages used to automatically record, store, and communicate weather and climate data
from remote sites. Due to their remote locations, a solar pand and battery provide power
to each gtation. Table 1 describes the locations of the weather sations at WICR and PIPE
including devation, longitude, and latitude.

The gtations consst of gavanized sted, 3-m tripods that support the solar pand,
wesgther sensors (except rain gauge and soil temperature/moisture sensors), antenna
(WICR only), and aweatherproof enclosure that houses the datalogger, battery, modem,
and transmitter (WICR only). Each station is connected to a grounding rod by copper
wire. The grounding kit conggts of alightning rod mounted at the top of the mast and
connected to the grounding wires of the datalogger and sensors. Copper wire connects
the lightning rod to a copper grounding rod that is driven into the earth. Sensors common
to both gtations include a cup anemometer and wind vane, temperature and relative
humidity sensors, pyranometer, tipping bucket rain gauge (heated at PIPE), ol
temperature and soil moisture sensors, and fuel moisture sensors. In addition, a WICR
the weather station includes a snow-depth sensor. Location of the sensors on the tripod
follows standard WM O guiddines (1969), except for the cup anemometer. The Nationa
Weather Service (NWS) officidly records wind measurements a 10 m above ground. At
PIPE and WICR, the cup anemometer heights are constrained by the height of the CM 10
gation, which is 2 m above the ground, but wind measurements can be adjusted for the
reference height of 10 m (Akyliz 1996).

At PIPE and WICR, to minimize interference, therain gauge is located a a
distance twice the height of the nearest obstruction. At WICR, soil moisture and soll
temperature sensors are deployed within 20 m of the tripod to record differencesin
microclimate in glade microhabitats described by Thomas (1996). At PIPE, soil moisture
and soil temperature sensors are deployed at 2 locations within clusters of western prairie
fringed orchids to capture potentia differences between the core orchid population and
marginad habitat a the population edge. Table 2 gives the distance from the weather
station and depth below ground of the moisture and temperature sensors at PIPE and
WICR. The specifications for westher station sensors and communication equipment are
provided in Appendix A.

2.3 Wesather station data acquisition and storage

A datdogger (Campbdl Scientific CR10X) is located within the weatherproof
encdlosure of the weether sation. The datalogger consists of a measurement and control
module and an attached wiring panel. The measurement and control moduleis
programmable and provides sensor measurement, timekeeping, communication, data
reduction, data program storage, and control functions. The wiring pand includes screw
terminals for sensor connections and a 9-pin seriad input/output port. The datalogger is
programmed to read data from the sensors at 60-second intervals. Numericaly, 62,280
data points, approximately 10 weeks of datafor PIPE and eight weeks for WICR, can be



gtored in memory. By means of telecommunication peripherds (PIPE — telephoneline,
WICR — cdlular telephone), the datdogger alows interrogation from a remote computer.

24 Base station operation

Technical support for westher station operations and data archiving is provided by
the Missouri Climate Center, which islocated within the Department of Soil and
Atmospheric Sciences a the Univeraty of Missouri-Columbia. Under a cooperative
agreement between the Nationa Park Service (FIREPRO) and the University, the state
climatologist with training in automated weether station operation serves as data
adminigtrator and equipment technician. He isresponsible for weather station data
acquisition, data quality control and archiving, and data andlysis and reporting aswell as
equipment maintenance and instrument calibration. A computer located in the Climate
Center is used for short-term storage of the weather data (see Section 2.11 for a
description of long-term data archiving.) Data are formatted in comma-delinested
ASCII files. Personnel at the individuad parks may aso access red-time and stored
wesether data by modem connection to the weether stations without disrupting data
assmilation and archiving by the state climatologist at the Climate Center.

25 PC208W

A Campbdl Scientific, Inc., software program, PC208W, (Campbel | Scientific,
Inc. 1997), provides computer/datalogger communicetion for data collection and redl-
time datadisplay. In addition, it provides tools for setting the datalogger clock,
transferring datalogger programs, and testing communication links. PC208W can dso be
used as a starting point to access related software programs.

2.5.1 PC208W overview - In a Microsoft Windows environment, the PC208W
menu bar will appear when the PC208W button is double-clicked. Thistoolbar has eight
buttons with the following functions:

. Setup: Describes the configuration of COM ports, modems,
dataloggers, and other devices; sets up the data collection
protocols and schedules. Appendix F shows the setup
configuration for WICR and PIPE.

. Connect: Connects to each automated westher station configured in
the “setup” option; synchronizes datalogger clock with the
computer’ s clock; collects data and downloads .dld filesto
dataloggers from a PC; views collected data and graphs
real-time measurements.

. Status: Checks the communication and data collection status of dl
dations in the network; shows station names, whether or
not a specific sation ison ling, error rates, time and date



. Program:
. Report:
. View:

. Stg Module:

. Help:

when the last data collection was attempted, how much data
was collected, and the next call schedule.

Creates and edits datal ogger programs for the CR10(X).
Appendices G and H are the edlog programs that are
executed by the dataloggers at WICR and PIPE,

repectively.

Runs SPLIT (processes the data files and creates reports).
Appendices| and J show theinput and output variables run
by SPLIT for WICR and PIPE, respectively.

Depicts visudly the collected datafile in either ASCII or
HEX formats, up to the date/time when the data was last
collected.

Retrieves files from storage modules via either a CR10(X)
and PC-cards or the CSMI/MCRI interface or directly from
aPCMCIA dot in the computer with separate tab settings
for the categories "setup”, "programs’, "datd’ and "erase.”

Launches the PC208W “Help” system with easy-to-follow
indructions. To obtain help on a specific feature, Smply
click on that feature' s button on the toolbar while the help
fileisrunning.

2.6 Wesatherpro program capabilities and functions

Weatherpro software (Remsoft 1996) acts as a core program that supports add-on
modules and user-defined features. 1t is used to collect datain automatic or user-initisted
mode from a Campbel| Scientific, Inc. (CSl) automated westher ation for upload to
WIMS. It does not provide for real-time monitoring of weather data.

2.6.1 Weatherpro overview - Weatherpro isa DOS program that may be
launched by typing “wxp” when prompted. The following describes the menu items that

will appear on the screen.

. Callect Weather Data: Coallects weather data on schedule or
manually from the sdlected CSl weather
sation.

. Edit Weather Data Provides options for manud data entry, data
modifications, and forecast entry.



. Output Wesather Data: Enables data printing, WIMS transmission,
and file trangport options.

. Graph Wesather Data: Graphs the output data.

. Setup & Configuration: Includes dl the tasks related to weether
dtation options, station group options,
equations and tables, and computer
configurations. This should be completed
fird.

2.6.2 Add-on modules
2.6.2.1 Campbd| Scientific, Inc. (CS)) link module

The CSl link is a standard module for the Weatherpro software. Therefore,
ingdalation of thislink occurs automatically when the Wegatherpro software is ingtalled.
Furthermore, because the CSl link is background operationa software its operation is
opague to users when communication is established. The CSl link isused as a bridge to
read data records collected by CSI’ s automated westher stations and to store the valuesin
Weatherpro datafiles. Once the data are stored, fire weather input data or other
cdculations can be carried out within the Weatherpro environment.

2.6.2.2 WIMS module

Westher Information Management Systems (WIMYS) is a comprehensive system
hosting the Nationd Fire Danger Rating System (NFDRS). WIMS was established in
1992 and is maintained by the USDA Nationa Computer Center (NCC) in Kansas City,
Missouri. It provides usersin the Forest Service and other land management agencies
access to multiple weether information throughout the United States, tools for data
management and display, and an interactive platform to access and manipulate weether
data

Prior to usng WIMS, alogon identification number must be established through
the NCC. Aspart of their security procedures, NCC security personndl recommend that
the logon ID be changed every 30 days. If alogon ID isnot used for 90 consecutive
days, it will be deactivated. Once an ID number has been obtained and connection to
WIMSis established, the WIM S module uploads fire weather input data automatically.
The data can then be used to caculate NFDRS fire codes, such as Burning Index (BI),
Ignition Component (1C), Energy Release Component (ERC), Spread Component (SC),
etc. for weather station sites. Bl, IC, ERC, and SC are the main components of the
NFDRS structure (Andrews and Bradshaw 1992).

The WIMS output (fire codes) data can be retrieved for a selected Station viathe
Internet using thefollowing URL.:  http:/firenifc.nps.gov/iwebterm/wims.asp. An
authorization number is required to log in. To prevent unauthorized access, a user




representative assgns each user a separate authorization number. Figures 3 and 4 are
samples of NFDRS output for PIPE and WICR, respectively, from December 20, 1998.

27  WIMSupload

Weatherpro uploads 17 standard fire weather fields separated by commasto
WIMS by default. Anadditiond 9 fields (4 soil moisture, 4 soil temperature, and 1 solar
radiation) from WICR and 5 fidds (2 soil moisture, 2 soil temperature, and 1 solar
radiation) from PIPE are uploaded by default. If records are missing from thefile, they
are uploaded as an agterisk (*). Thus, their corresponding output value(s) will not be
caculated. However, missing values may be edited later by logging onto WIMS viathe
above Internet address. It isaso important to update information in the*“ Station
Catdog,” one of the menu itemsin WIMS, whenever a change occurs. Thisinformation
cannot be updated automatically during a daily automated upload procedure, but it should
be edited by park personne at the Site. There are aso three other fidds in the default
WIMS upload procedure that require editing a the Ste dally, after the automeatic upload
is completed, because these cannot be automated. These fields are: Sate of wegther,
man-caused risk, and lightning activity level. Table 3 showsthe input variables, input
frequency, and the staff person respongble. WIMS gation IDs for each station, as well
as other configurations, are shown in Table 1 and Figures 3 and 4. More detailed
information about the topics mentioned above may be acquired from the WIMS “User’s
Guide” (USDA 1997).

2.8 Communication

The weather stations at WICR and PIPE continuoudy collect and store westher
data 24 hoursaday. Thisinformation is retrievable viaantennaand cdlular telephone
package at WICR and telephone line connected to amodem at PIPE. Southwestern Bell
isthe service provider for the cdllular line, 573-999-0359, at WICR, and Northwestern
Bdl isthe loca provider for the line 507-826-2669 at PIPE. It takes lessthan 1 minute
for daily information to be downloaded from each Station. It takes longer to download
information for periods longer than one day.

2.8.1 Real-time monitoring - While PC208W is running, red-time monitoring
may be activated by first accessing the desired station, then launching the “Numerica
Display” window. Data shown in the“Numericad Display” window are updated every
minute. A table, including Input Location Labe s and red-time values, appears on the
screen asshown in Table4. A complete list of input locationsis given in the last pages
of Appendices G and H, which are EDLOG programs for WICR and PIPE.

2.8.2 Data collection - PC208W will collect al data stored in the wegther
dtation datalogger since the last retrievd of data (the program keeps track of where it
leaves off after each data collection.) Data collected is automatically appended to the file
wcreek.dat or pstone.dat. That is, the data file conssts of the same name as the station
name with a.dat extenson. These data are stored in the .dat file in the format selected in
the gation file, comma-delinested ASCI| or binary (same asin the datalogger).



Definitions of the array structure are given in Appendices K and L for WICR and PIPE
respectively. The Missouri Climate Center base station computer autometicaly collects
and archives data daily from the weether stations. Automated data collection with
Weatherpro is also scheduled daily for fire weather input data to be uploaded to WIMS.

2.9 Data management

29.1 SPLIT overview - SPLIT isagenera purpose data reduction program.
Input files are accessed by SPLIT, specific operations are performed on the data, and the
results are output to file. When SPLIT isloaded, alist of prompts/questionsis brought to
the screen. When answered, these prompts define what files are accessed, what
operations are performed, and to what file the results are output. The completed set of
prompts with instructions may be saved as a parameter file (e.g., wcreek.par, pstone.par).
The parameter file may be called into SPLIT for future use. Appendices| and J show
parameter filesfor WICR and PIPE, respectively.

SPLIT applicationsinclude: data processing, file reformatting, data qudity
checking (limit testing), table generation with report and column headings, time
synchronization and merging of up to eight files, and data sdection based on time or
conditions. The output displayed on the screen provides immediate feedback asto the
effect of changes or new entries to the parameter file. Theinput file, however, is not
affected by SPLIT.

2.9.2 SPLIT activation - SPLIT can be run from the PC208W toolbar by
clicking on the Report button in the PC208W program.

2.10 Dataqudlity control

SPLIT will be used to identify data problems. Range limits (lower to upper
boundary conditions) are placed on eements or groups of e ements specified in the
SELECT box. Therangelimitsfor WICR and PIPE are ddineated in Table 5.
Climatologica and geographica locations of the westher stations were considered when
the range limitswere set. The ate climatologist will check data qudity on adaily
schedule. Thisway, any problems related to hardware, software, and raw data can be
discovered within a 24-hour period except on weekends and holidays. The qudity of
data uploaded to WIMS is checked within the system.

211 Daaarchive

The gate climatologist archives daily and hourly weether datain the Missouri
Climate Center in high resolution (1-min) to a ZIP drive for long-term storage. Theraw
datainitialy is downloaded in comma-separated ASCII format, the format in which the
datalogger storesthe datain the find storage area. Once the data is downloaded, the
SPLIT program automaticaly creates daily reports to be uploaded to the Midwestern
Climate Center's computer server. In addition, the dedicated Fire Weather computer
automaticaly uploads the hourly informeation to WIMS once aday for archiving. WIMS
will archive the hourly data on active service for 18 months and on tapes thereefter.



Table 8 shows the data archiving acquisition in detall, and Table 9 shows the data access
sysem.

212 Reports

The gtate dlimatologist will provide daily (upon request) and monthly weather
summaries to park managers at WICR and PIPE. Table 6 gives an example of adaily
weether summary, and Appendix B is an example of amonthly status report. The state
climatologist will provide hourly fue moisture averages with the daily weether summary,
dthough it is anticipated that red-time monitoring of fud moisture will be of greater
vaueto park managers. The state climatologist will dso provide an annua report of
wesether, including monthly means. Appendix C is an example of an annua report.
Monthly reports are to be made within 5 days after the proceeding month, whereas annua
reports will be made in January after the proceeding year. Copies of dl reportswill be
forwarded to the Prairie Cluster LTEM Program office at WICR. Reports are aso posted
on the Missouri Fidd Station LTEM web site on amonthly bass. for WICR,
http:/Awww.mi ssouri .edu/~aggwillswilsongmonit/meteo/ and for PIPE,
http:/Avww.missouri.edw/~aggwillspipe/monit/meted/. The Sitesinclude an e-mall link
that dlows vistors to request additiond information.

2.13 Wesather station maintenance

Proper maintenance of the weether station componentsis essentia to obtain
accurate data. Equipment must be in good operating condition; this requires a program of
regularly scheduled ingpections and maintenance. Most maintenance procedures, such as
sensor calibration, sensor performance testing, and sensor component replacement,
typicaly require a skilled technician and will be done by the sate climatologist.

The date dimatologist will keep a gtation maintenance log for each weether
gation. Included in thislog will be the manufacturer’ s serid number for weather gation
components, dates that the Site was visited, dates station inspections were performed, and,
if maintenance was done, specificaly what type. A sample maintenance log sheet is
found in Appendix D, and a schedule of maintenance and equipment needed isfound in
Appendix E. During scheduled wegther station maintenance, the state climatologist will
complete the RAWS maintenance narrative (see form in Appendix D).

3.0 INTEGRATION

On-gte weether data may be used to explain changesin plant and animal
populations and communities. It may aso be used to develop and test hypothetica
models of how westher affects plants and animals directly, or, for example, through
interactions among prescribed fire, plant habitat reponse, and weather. Table 7 shows
the climate variable that will be tested for Sgnificant correations with population
changes in the Missouri bladderpod and western prairie fringed orchid once weether and
plant population data sets of at least 10 years are compiled. Multiple regression
techniques or principal component andysiswill be used to determine the most predictive
climate modd.
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Table 1. Weather sation locations at Wilson's Creek Nationd Baittlefield and Pipestone
National Monument.

Station
Park name (#) L ocation Elevation Longitude Latitude
WICR | Wilson's Creek North Bloody Hill 364 meters | 93E 24.60W | 37E 06.59N
(237001) Glade
PIPE Redstn (21690) Management Unit 2 | 536 meters | 96E 19.29W | 44E 00.59N
Table 2. Soil moisture and temperature sensor locations at Wilson's Creek National
Battlefield and Pipestone National Monument.
Distance from Depth below
Station Microhabitat the station (m) ground (cm)
Rocky Habitat 4.62 4
WICR
Mixed Habitat 7.62
Warm Season Grass 7.62
Habitat
Shaded Habitat 15.20 4
CORE 30.50
PIPE
EDGE 95.50 9

10




Table 3. Input variable and frequency for WIMS upload and responsible staff/cooperator.

Input Variable Input Frequency

Station catalog Initialy Seasonally Daily

Station ID RM

Evaluation RM

Latitude RM

Longitude RM

Lightning scaling factor RM

Avg. annual precipitation M

Slope aspect RM

Humidity code

Rainfal code

Temperature code

Wind speed code

NFDRS parameters

Model ID RM

(HS) Herbaceous vegetation stage code RM

HS date RM

Greenup date RM

(Sh) Shrub cover RM

(Slp) Average slope RM

(Grs) Grass code RM

(Cli) Climate M

Greenness factor RM

Automated *

Year

(T) Temperature

(RH) Relative humidity

(WD) Wind direction

(WS) Wind speed

1-hr rainfall

(FSM) Fuel moisture

(FST) Fuel temperature?

24-hr rainfall duration

24-hr total rainfall

24-hr max-T

24-hr min-T

24-hr max RH

S EEEZZZEZE L

24-hr min RH

Manual *

State of Weather * RM

Man-caused Risk RM

Lightning Activity Level RM

11



Table 3 footnotes:

RM - Resource Manager
M - Meteorologist

1 . The meteorologist will monitor dl automated entries

2 - PIPE does not currently have afuel temperature sensor. Because Weatherpro must
send thisinformation by defaullt, the variable fidld will automatically be input as an
asterisk (*).

3 - Theseinput variables are automatically input as asterisks (*) by default. The resource
manager a the Ste should manudly enter these variables.

* - Development of a script program to automate the State of Weather is underway. Once
it has been completed and implemented, WIM S upload could be fully automated
provided that Man-caused Risk and Lightning Activity Level varigbles could be s&t to

initid vaues, until they change.



Table4. Input location labels.

Number : Description Value
1:BatVolt 13.5
2:TempC 25.1

3:RH% 58.4
4:Wspdmy/s 0.914
5:Wdirdeg 12.8
6:drw/nt 678
7:Ranmm 0

8:300stempc 210
9:200stempc 21.8
10:100SM 0.14
11:300SM 0.09




Table 5. Westher variable range limits for Wilson's Creek Nationd Béttlefield (WICR)

and Pipestone National Monument (PIPE).

Variable WICR PIPE
Temperature -35# X #50EC -40# X # 60E C
Redative Humidity 10 # X # 100% 10 # X # 100%
Wind Speed 0<X #60m/s 0<X #60m/s
Wind Direction 0 < X <360E 0 < X <360E
Precipitation O# X # 102 mm O# X # 76 mm
Solar Radiation 0 < X < 1100 w/nr 0 < X < 1000 w/nf
Soil Temperature -35# X #50EC -35# X #50EC
Soil Moidure 0< X <65% 0< X <65%
Snow Depth O# X #.76m N/A
Fuel Moigture 5# X # 55% 5# X # 55%

14




Table 6. Pipestone National Monument daily wesather summary for October 22, 1995.

VECTORAL
AVG AVG MEAN AVG

AIR WIND WIND AVG | REL |FUEL

TEMP| PRECIP | SPEED | DIRECTION | RAD | HUM |[MOIS
DAY | HOUR | (°F) (in) (mph) (deg) (W/n? (%) (%)
1022| 0100 | 29.1 0.00 17 86.30 00 | 880 | 138
1022| 0200 | 275 0.00 16 125.00 00 | 85 | 140
1022 0300 | 26.4 0.00 2.0 100.40 00 | 894 | 184
1022| 0400 | 27.9 0.00 3.4 97.50 00 | 867 | 142
1022 0500 | 27.0 0.00 14 101.30 00 | 911 | 144
1022| 0600 | 256 0.00 0.6 127.80 00 | 937 | 256
1022 | 0700 | 266 0.00 0.9 75.60 31 | 932 | 159
1022| 0800 | 31.3 0.00 2.2 84.60 667 | 848 | 16.7
1022 | 0000 | 37.1 0.00 58 56.45 1308 | 825 | 211
1022| 1000 | 38.3 0.00 4.2 58.75 2000 | 792 | 146
1022 | 1100 | 394 0.00 6.0 47.21 3952 | 680 | 154
1022 | 1200 | 39.7 0.00 6.7 50.89 3672 | 718 | 146
1022 | 1300 | 382 0.00 5.1 63.17 2104 | 789 | 179
1022| 1400 | 380 0.00 6.9 47.76 256.1 | 777 | 150
1022 | 1500 | 39.3 0.00 8.0 39.62 4216 | 799 | 186
1022| 1600 | 359 0.00 9.1 28.42 1203 | 905 | 254
1022 1700 | 356 0.00 95 21.37 241 | 868 | 171
1022| 1800 | 36.2 0.00 8.4 27.54 55 | 888 | 134
1022| 1900 | 372 0.00 8.2 23.96 00 | 853 | 136
1022| 2000 | 381 0.00 8.4 30.88 00 | 839 | 136
1022 | 2100 | 386 0.00 9.3 33.16 00 | 824 | 254
1022| 2200 | 39.0 0.00 111 20.16 00 | 8L7 | 138
1022| 2300 | 39.1 0.00 11.0 44.23 00 | 802 | 138
1022 | 2400 | 39.8 0.00 10.8 43.97 00 | 776 | 267
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Table7. Climate variables being tested for corrdations with rare plant population sizes.

Climatevariable

Rare plant

Western prairie
fringed orchid

Missouri
bladderpod

No. days> 35E C

X

No. days with snow cover

No. of freezelthaw cycles

No. of days soil temperature < 32EC

Degree days (DD) in August

Degree days (DD) in September

March precipitation index *

April precipitation index

May precipitation index

X| X[ X| X| X| X[ X| X

June precipitation index

July precipitation index

August precipitation index

September precipitation index

X| X[ X| X| X| X| X

October precipitation index

November precipitation index

Spring precipitation index

X

Fal precipitation index

X

X| X[ X| X| X

! Index is cal culated as the actual precipitation on Site divided
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Table 8. Dataarchiving acquistion.

Archived location Data for mat Dataresolution | Archiving frequency
Missouri Climate Center ASCII Hourly Daly
HTML Daily
Tabular Monthly
Hard copy
Text
Midwestern Climate Center Tabular Hourly Daly
Text
WIMS ASCII Hourly Daly
WICR Hard copy Dally Monthly
“Report” Monthly Annudly
PIPE Hard copy Daly Monthly
“Report” Monthly Annudly
Table 9. Data access system.
Data Method Who can access
Red time PCZ0O8W Resources Managers at WICR
Software and PIPE
Section 2.8.1 The state climatologist
Daily reports Midwestern Climate Center Anyone
WWW.SWS.uiuc.edu
Monthly reports Missouri Climate Center Anyone
WWW.missouri .edw/~moclimat
PIPE
WICR
Annud reports Missouri Climate Center Anyone
WWW.missouri .edw/~moclimat
PIPE
WICR
Raw data Missouri Climate Center Anyone upon request
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20, 1990.
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Appendix A. Campbdl Scientific, Inc. field sation specifications for Wilson's Creek
Nationd Battlefield and Pipestone National Monument



Datalogger

Model CR10X
Temperaturerange: -25° Cto +50° C
Program execution rate: up to 64 Hz
Number of channds: 6 differentid, 3 excitation, 2 pulse, 8 control ports
Power requirements: 9.6 to 16 volts
Current drain: 1 mA quiescent
: 13 mA processing
: 46 mA anaog measurement
RAM: 128 K Flash and 128 K SRAM standard
Data storage: 62,000 data points

Wind speed and direction

Model 05103 Wind M onitor
Sensors. propeller vane
Temperature range: -50° to +50° C
Wind speed range: 0 to 134 mph, gust surviva 220 mph
Wind speed threshold: 2.2 mph
Wind speed distant constant (63% recovery): 8.9 ft
Wind direction damping ratio: 0.25
Wind direction delay distance (50% recovery): 4.3 ft
Vane range: 360° mechanicd, 355° eectrica
Vanethreshold: 2.0 mph @ 10° displacement, 2.9 mph @ 5° displacement

Precipitation

Model TES25 tipping bucket rain gauge (WICR)
Sensor: magnetic switch
Orifice: 6.25" diameter
Sengtivity: 0.01"/tip

Model 385C electric heated tipping bucket rain/snow gauge (Pl PE)
Orifice: 12" diameter
Cdibration (standard): 0.01" rain per switch closure
(options): 0.2 mm, 0.25 mm
Accuracy: +1% at 1" to 3" per hour at 70° F
Switch type: magnet and reed
Mounting: 3 pads for 1/4 bolts on 9-21/32" (9.66")
Dimengons 20" high, 8" diameter, not including mounting pads or funne
Power requirement: 110 VAC, 50/60 Hz, 315 W
Weight: 7.5 1b/3.4 kg (10 Ib shipping with cables)
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Snow depth (WICR)

Model SR50 sonic ranging sensor
Power requirements: 9to 16 VDC
Power consumption: 2 mA (quiescent), 250 mA (measurement pesk)
Measurement time: 0.6 seconds (typical), 3.0 seconds (maximum)
Measurement range: 0.5t0 1.0
Accuracy: £1 cm or 0.4% of distance to target w/ externa temperature
compensation Resolution: 0.1 mm
Beam acceptance angle: gpproximatdy 22°

Solar radiation

Model L1200X silicon pyranometer
Sensor: silicon photocell
Sensitivity: 0.2 KWm?mv?
Requirements: L12003S base and leveling fixture

Soil temperature

Model 107B soil temper ature probe
Sensor: thermistor
Range -35° t0 50° C
Accuracy: typicaly £0.2° C

Air temper atur e and reative humidity

Modd HMP35C temper ature and reative humidity probe (WICR)
Sensors. thermistor (Specifications are the same asfor Model 107B above)
HUMICAP H-sensor
Rdative humidity range: 0 to 100% RH
Rdative humidity accuracy: £2% RH (0 to 90% RH)
Temperaturerange: -35° to +50° C
Temperature accuracy: +0.2° C

Modd CS500 temperature and reative humidity probe (PIPE)
Temperature measurement range: -40° C to +60° C
Temperature accuracy: +0.5° C @ -40° C, £0.4° C @ -20° C, £0.6° C @ +60° C
Rdative humidity range: 10 to 90% RH (for the specified accuracy)
Relative humidity accuracy: +2.0% @ 10%, +3.0% @ 90%
Typicd long-term Stability: better than +1.0% per year
Supply voltage: 7to 28 VDC
Current consumption: typicaly <2 mA
Diameter: 047" (12 mm)
Length: 2.66" (68 mm)
Housing materid: ABS plastic
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Fuel-moistur e sensor

Model 1981-CS - Sensor (PIPE)
Microprocessor-controlled device by Laurasoft, Inc.
Accuracy: 10% reading over the range of 5 to 30% fuel moisture content

Model 211-CS - Probe
Contains atemperature sensing circuit that is used to adjust the
fue-moisture readings based on the fuel temperature

Model 439-C - Sensor by Handar (WICR)
Sensng element:  Dry ponderosa pine dowe with imbedded wire eectrodes
Measurement principal: Capacitance of wood cdibrated to read per cent of
moisture
by weight
Accuracy: 0to 12% FM: £ 1.9% FM RMSE - 2 week period
12 to 30% FM: = 3.6% FM RMSE
>30% FM: = 16% FM RMSE (% FM = measured fuel moisture units)
Power supply: 10 to 14 V measuring current 10mA
Temperature
Type Single thermistor
Conversgon tablerange: -50° C to +50° C
Accuracy: +0.2°C,-20° Cto+80° C
Physical dimensions
Size Basediameter 1.125in (28.6 mm) - overdl length 12 in (305 mm)
Weight: 4.4 0z (125 gm)

Multiplexer

Mode AM416 Relay multiplexer (WICR)
Power source: unregulated 12V (9.6 V to 16 V)
Current drain: <100 UA (quiescent), 17mA (active) (typicd)
Reset: A continuous sgnd of 3.5V %oltage 46 V holdsin an active Sate
Clock: On thetrangition from <1.5V to >3.5V, scan advance is actuated on the
leading edge of the dock sgnd; clock sgnd must be aminimum of 5 ms
inwidth
Operationa temperature: -40° C to +65° C
Operationd humidity: 0 to 95%, non-condensing
Dimensions (w/o fidd enclosure): L-25.4 cm (8.2"), W-16.5 cm (6.5"), D-3.5¢cm
(15"
Dimengions (W/ field endlosure): L-25.4 cm (10"), W-20.3 cm (8"), D-10.2cm
4)

Weight: 1.5 Ibs. (gpproximatedly), (In enclosure): 10.0 |bs. (gpproximeately)

Expandability (nominal): 3AM416'SCR10(X), 4 AM416S521X, 8 AM416'S/ICR7
725 card

Maximum switching current: 500 mA
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Soil moistur e sensor

Model CS615 water content reflectometer
Dimensons  Rods- 30.0 cm long, 3.2 mm diameter, 3.2 cm spacing
Head - 11.0cmx 6.3cmx 2.0cm
Weight: Probe - 280 g
Cable- 35gm-1
Electricd: Power - 70 milliamps @ 12 VDC (enabled)
- less than 10 microamps (quiescent)
Power supply voltage: 9 VDC (minimum), 18 VDC (maximum), 1.3 VDC
(enabled)
Accuracy: 2% (generd cdlibration) - depends on soil texture and minera
composition
Resolution: on the order of 10°® ne® i

Antenna (WICR)

Mode ASP962 nine element Yagi directional antenna
Gain: 8 dB (806 to 894 MHz)

Communication Package

Model Motorola S1765 transceiver (WICR)
Operating temperature: -30° C to +60° C
Average current drain: 0.38 A (standby), 2.1 A (online)
Supply voltage: 10.9t0 16.3 VDC
Antenna termination: mini UHF

Model DC112 modem (WICR)
Standards: Bell 212A, CCITT V.22
Baud rates: 300, 1200
Operation: full-duplex over sandard telephone lines
Operding voltage: 5 volts from the datal ogger
Operating temperature; -25° C to +50° C

Model COM 200 (PIPE)
Standards: Bell 212, CCITT V.22 and V.32
V.42 LAPM and MNP2-4 error correction
Baud rates: 1200 to 9600
Current drain: 120 mA (quiescent)
140 mA (active)
Power supply: 12 VDC interndly switched to minimize current drain
Operating temperature: -25° C to +50° C
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Power supply

Model MSX10
10-watt solar panel with mounts

Model PS121LA (PIPE)
12-volt lead acid battery with charging regulator

Model ST60-2G27-12V (WICR)
12-volt solar dectric generator
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Appendix B. Sample monthly status report: December 1998 Weather Monitoring for Wilson's Creek
Nationd Batlefied
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Wilson's Creek National Battlefield
Republic, Missouri|

May 2001
Monthly Weather Report

By
F. Adnan Akytiz, Ph.D.
State Climatologist
Missouri Climate Center
Universty of Missouri-Columbia
100 Gentry Hall
Columbia, Missouri 65211
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REFERENCE NOTES

Temperature

Column

2: Maximum Temperature in degrees F averaged over 1-min interval.

3 Minimum Temperature in degrees F averaged over 1-min interval.

4: Daily Average Temperaturesin degrees F.

5: Daily average norma temperature (1961-1990) for Springfield Regiond Airport (SGF), reported

by the National Weether Service.

Average temperatures departure from Springfield’ s normd.
Col.6=Col.4—Coal. 5

7 Heating Degree Days (HDD) in degrees F, based on 65 °F.
8: Cooling Degree Days (CDD) in degrees F, based on 65 °F.

o

Precipitation

Column

o Dally rainfdl totasin inches

10:  Accumulated snow depth in inches.

11: Dally snowfdl totasin inches.

12:  Days passed since the last precipitation event.

Wind

Column

13: Maximum wind speed averaged over 1-min interva in miles per hour.
14:  Dally average wind speed averaged over 1440 minutes.

15: Resultant wind vector averaged over 1440 minutes.

Solar Radiation

Column

16: Daily total globa solar radiation on a horizonta surfacein MJn.

17: Daily incoming solar rediation at the top of the atmosphere (insolation) as afunction of latitude
and day of year in units of MJIn?.

18: Ratio of the daily total globd solar radiation (Col.16) to the insolation (column 17): Attenuation
(incoming solar radiation 10ss) by the atmosphere.



Table B-1. Wilson's Creek Nationd Battlefield monthly summary, December 1998.

=]
2
Temperature (°F) Deg Days Precipitation(in) 4 Wind(mph) Solar Rad (MJn?) September Statistics
ey
— [=
[¢3] LL ) 5 _ > c = = x
8 5 5 8 8 5| g =2 = & & = 8 & g g ¢
< € 5 = 5 <§ S € ) s — 5 3 - s -
5 5 oz g g £ 8 & & & 5z & =
= = § [a)] (5 s [a] a = x
Number of Days With
1 2 3 4 5 6 7 8 9 10 11 | 12 13 14 15 16 17 18
1 67 34 50 40 10 15 0 0.00] 0.00 | 0.00 1 5.7 1.5 149 9.75 16.74] 0.58] Max Temp 3 90°F
2 71 33| 52 40 12 13 0 0.00] 0.00 | 0.00 2 59 1.7 161 8.07| 16.71f 0.48] 0
3 73 53 63 39 24 2 0 0.00] 0.00 | 0.00 3 6.2l 1.4 167 6.18 16.67| 0.37]
4 64 41 53 39 14 12 0 0.30] 0.00 | 0.00 0 5.2 1.0 147 3.76] 16.64] 0.23] Max Temp £ 32°F
5 77 42] 60 38 22 q 0 0.00] 0.00 | 0.00 1 7.0 1.9 160 8.24[ 16.60| 0.50) 4
6 72 37 54 38 16 11 0 0.34] 0.00 | 0.00 0 1050 3.00 157 3.1l 16.57| 0.19
7 39 36 38 38 0 27 0 0.01] 0.00 | 0.00 0 6.2l 1.9 349 1.48 16.53 0.09 Min Temp £ 32°F
8 46| 19 32 37 -5 33 0 0.00] 0.00 | 0.00 1 5.00 1.2 328 9.58( 16.50| 0.58] 22
9 50 15 32 37 -5 33 0 0.00] 0.00 | 0.00 2 6.5 0.7 152 9.36| 16.46| 0.57|
10 45| 22 33 37 -4 32 0 0.00] 0.00 | 0.00 3 3.7 0.5 313 3.11 16.43 0.19 Min Temp £ O°F
11 49 18 33 36 -3 32 0 0.00] 0.00 | 0.00 4 4.3 0.5 144 7.28] 16.40| 0.44 0
12 46 33 39 36 3 26 0 0.15 0.00 | 0.00 0 43 0.6 324 1.82 16.36] 0.11
13 52 21 36 36 0 29 0 0.00] 0.00 | 0.00 1 46 0.7 319 7.80| 16.33 0.48 Precipitation 3 0.01lin
14 57 20 38 36 2 27 0 0.00] 0.00 | 0.00 2] 46 05 139 9.70 16.29 0.60) 9
15 60 16 38 35 3 27 0 0.00] 0.00 | 0.00 3 3.6/ 0.5 196 9.70 16.26| 0.60)
16 52 26 39 35 4 26 0 0.00] 0.00 | 0.00 4 6.4 1.7 293 7.71 16.22] 0.48 Precipitation 3 0.1in
17 49 28 39 35 4 26 0 0.00] 0.00 | 0.00 5 5.00 1.4 27§ 9.62[ 16.19 0.59 5
18 57 34 45 34 11 20 0 0.58 0.00 | 0.00 0 6.4 2.0 151 2,74 16.15 0.17
19 41 31 36 34 2 29 0 0.19 0.00 | 0.00 0 720 2.0 357 142 16.12] 0.09 Precipitation 3 1in
20 43| 32 37 34 3 28 0 0.04| 0.00 | 0.00 0 51 1.6 89 1.27| 16.08 0.08 0
21 35 11 23 34 -11 42 0 0.04/ 0.00 | 0.00 0 8.1 3.7 339 0.79 16.05 0.05
22 22 4 13 34 -21 52 0 0.01] 0.00 | 0.00 0 8.5 2.0 358 9.08( 16.01 0.57] Average Temp > 65°F
23 23 14 19 33 -14 44 0 0.00] 0.00 | 0.00 1 5.5 2.0 37 3.39] 15.98 0.21] 0
24 33 7l 20 33 -13 45 0 0.00] 0.00 | 0.00 2] 45 1.0 350 8.85 15.941 0.56)
25 37 6| 22 33 -11 43 0 0.00] 0.00 | 0.00 3 5.00 0.7 190 7.56) 15.91 0.47| Average Temp < 65°F
26 47 11 29 33 -4 36 0 0.00] 0.00 | 0.00 4 7.1 1.4 153 9.12( 15.87| 0.57] 31
27 54 26 40 32 8 25 0 0.00] 0.00 | 0.00 5 6.5 1.2 210 7.88( 15.841 0.50)
28 50 15 32 32 0 33 0 0.00] 0.00 | 0.00 6 6.00 1.2 152 7.41 15.80 0.47|
29 40| 17| 29 32 -3 36 0 0.00] 0.00 | 0.00 7] 105 3.1 329 4.64) 15.77| 0.29
30 31 11 21 32 -11 44 0 0.00] 0.00 | 0.00 8 6.4 19 129 4,19 15.73( 0.27
31 31 16 23 32 -9 42 0 0.00] 0.00 | 0.00 9 6.8 1.4 334 8.89] 15.70| 0.57|
Average 49 23 36 35 1 29 0 2] 6.1 1.5 6.24] 0.38
Maximum 77 53 63 40 23 52 0 9 10.50 3.7 9.75 0.60
Minimum 22 4 13 32 0 2 0 0 3.6/ 0.5 0.79 0.05
Total 897 0 1.66 0.000 0.00 22 193.49
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Table B-2. Wilson's Creek National Battlefield monthly soil temperature data, December 1998.

Month Max ST MinST MaxST MinST MaxST MinST MaxST MinST
and RH RH WSG WSG MH MH DL DL
Day CF) CF) CF) CF) CF) CF) CF) CF)
1-Dec 60.0 46.9 54.1 50.1 56.8 50.2 58.6 49.4
2-Dec 60.0 44.1 54.6 a47.7 56.5 47.4 59.6 48.5
3-Dec 63.3 52.0 58.4 53.1 59.9 52.7 60.5 54.9
4-Dec 60.6 49.9 56.8 52.4 58.6 52.4 57.2 52.7
5-Dec 63.9 48.9 58.1 51.7 60.6 51.7 61.1 51.9
6-Dec 62.5 50.3 59.3 53.1 60.5 53.2 60.7 51.9
7-Dec 50.3 46.1 53.1 49.2 53.3 49.9 51.9 47.6
8-Dec 52.1 37.9 49.2 42.5 50.7 42.3 51.9 42.9
9-Dec 47.3 34.5 43.9 39.2 46.9 39.1 48.9 39.7
10-Dec 44.8 36.5 44.2 40.2 46.3 40.5 44.8 41.4
11-Dec 45.1 33.8 43.0 37.8 45.4 37.8 45.5 38.6
12-Dec 45.1 38.6 44.5 40.9 46.6 42.0 45.1 42.3
13-Dec 47.9 35.3 44.4 39.5 46.7 39.5 47.1 40.1
14-Dec 48.8 34.8 43.2 38.5 46.6 38.4 49.1 394
15-Dec 47.3 33.4 41.8 36.5 45.4 36.5 48.1 37.8
16-Dec 49.0 354 44.2 38.2 47.0 38.4 46.8 40.5
17-Dec 46.1 34.4 42.1 38.6 44.6 38.1 a47.7 39.9
18-Dec 44.7 35.2 43.7 38.8 45.0 38.5 455 40.9
19-Dec 42.6 39.1 43.8 41.7 45.2 43.4 44.5 41.1
20-Dec 43.3 39.0 44.0 41.6 46.2 43.2 44.1 41.0
21-Dec 42.1 335 43.6 36.9 45.4 37.3 43.3 36.6
22-Dec 335 315 36.9 34.2 37.3 34.8 36.6 35.2
23-Dec 31.9 30.7 34.6 34.1 36.3 34.7 35.2 34.8
24-Dec 31.8 28.8 34.5 33.3 36.7 34.0 35.0 34.5
25-Dec 31.8 26.7 33.3 32.1 34.4 334 34.6 34.2
26-Dec 31.9 27.2 32.9 31.9 34.3 334 35.1 34.1
27-Dec 32.1 31.2 34.2 32.9 39.0 34.1 40.7 35.0
28-Dec 36.2 32.0 354 335 39.8 34.5 40.5 36.2
29-Dec 37.6 32.3 36.4 34.6 39.1 35.1 394 35.9
30-Dec 32.3 315 34.6 33.8 35.5 34.1 35.9 34.8
31-Dec 31.9 30.7 34.3 33.7 36.6 34.1 34.9 34.3
Average 45.1 36.8 43.8 40.1 45.9 40.5 46.1 40.9
Maximum 63.9 52.0 59.3 53.1 60.6 53.2 61.1 54.9
Minimum 31.8 26.7 32.9 31.9 34.3 33.4 34.6 34.1
ST: Soil Temperature

RH: Rocky Habitat

WSG: Warm Season Grass Habitat

MH: Mixed Habitat

DL: Drip Line Habitat
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Table B-3. Wilson's Creek Nationd Baittlefield monthly soil moisture data, December 1998.

Month AvgSM AvgSM AvgSM Avg SM
and RH WSG MH DL
Day (%) (%) (%) (%)
1-Dec 51 42 40 36
2-Dec 49 41 39 35
3-Dec 49 40 38 34
4-Dec 53 44 42 37
5-Dec 52 43 41 37
6-Dec 53 45 43 38
7-Dec 53 44 42 38
8-Dec 51 42 40 36
9-Dec 49 40 39 36
10-Dec 48 39 38 35
11-Dec 46 38 37 35
12-Dec 50 40 39 36
13-Dec 52 42 41 37
14-Dec 50 40 39 36
15-Dec 47 39 38 35
16-Dec 48 39 38 35
17-Dec 46 38 37 34
18-Dec 49 41 40 35
19-Dec 55 49 48 40
20-Dec 52 43 42 38
21-Dec 53 44 43 38
22-Dec 36 36 38 32
23-Dec 21 34 36 30
24-Dec 14 31 34 28
25-Dec 12 26 26 26
26-Dec 13 25 22 25
27-Dec 16 28 28 32
28-Dec 22 30 32 35
29-Dec 33 32 33 35
30-Dec 17 29 28 31
31-Dec 12 28 28 30
Average 40 38 37 34
Maximum 55 49 48 40
Minimum 12 25 22 25
RH: Rocky Habitat

WSG: Warm Season Grass Habitat

MH: Mixed Habitat

DL: Drip Line Habitat

SM: Soil Moisture

%: % By volume



Wilson's Creek National Battlefield Monthly Soil Temperature Chart (December 1998)
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ST: Soil Temperature, RH: Rocky Habitat, WSG: Warm Season Grass Habitat, MH: Mixed Habitat, DL: Drip Line Habitat

Figure B-1. Wilson's Creek National Battlefield, monthly soil temperature chart, December 1998.



Wilson's Creek National Battlefield Monthly Soil Moisture Chart (December 1998)
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Figure B-2. Wilson's Creek Nationa Battlefield, monthly soil moisture chart, December 1998.



Appendix C. Sample annual status report: 1996 Weather Monitoring for Wilson's Creek Nationa
Battlefidd
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1.0 INTRODUCTION

The Nationd Park Service will focus monitoring in the Prairie Cluster Long Term
Ecologicd Monitoring (LTEM) Parks on terrestria plant communities and rare plant populations.
Weather and climate affect the structure and function of grasdand systems, including plant
production, and species composition and diversty. Continuous weether monitoring is akey factor
in separating the effects of climate from the effects of management actions on plant community
and population dynamics. Wilson's Creek National Battlefied (WICR) began weather monitoring
in 1995.

20 OBJECTIVES

The objectives of weather monitoring & WICR are to provide park managers and
cooperators with 1) monthly and annua summaries of glade weether and to collect soil
temperature and moisture data within different glade microhabitats as potentia predictors of
population dynamics of the endangered Missouri bladderpod and 2) input data for fire behavior
smulation models.

30 METHODS

An automated wesather station wasingaled at North Bloody Hill glade to measure
amospheric variables including air temperature, rdaive humidity, solar radiation, wind speed and
direction, rainfal, and snow depth and to measure soil temperature and moisture a three glade
habitats of the endangered Missouri bladderpod. In addition, the westher station measures fuel
moisture and temperature. The weather station (Campbell Scientific, Inc., Mode CM10 field
gation) autometicaly collects data from sensors a 1-minute intervals and sores datain a
datdogger. A meteorologist a the Missouri Field Station located within the Department of Sail
and Atmospheric Sciences, at the University of Missouri-Columbiaretrieves stored datadaily via
modem and cdllular phone. The meteorologist checks the quadity of the data againgt weather
variable and ingrument range limits using the software program SPLIT (Campbell Scientific, Inc.)
and archives the datain comma-ddineated ASCII format on the field station’s weather compuiter.

40 RESULTS

41  Weather in 1996

The annual average temperature was 54°F, 2° below the 30-year normd recorded at the
nearest Nationa Westher Service Reporting Station a Springfield (SGF), Missouri. Monthly
mean temperatures recorded at the North Bloody Hill glade were below norma when compared to
SGF in nine months of the year (Table 1 and Figure 1). Daily temperatures ranged from a
maximum of 99° on August 6 to aminimum of —17° on February 4, whereas the daily
temperatures at SGF ranged from amaximum of 97° on August 6 to aminimum of —8° on
February 4. Daily maximum temperatures were 90° or higher on 50 days, whereas they were 90°
or higher on 22 days at SGF. Likewise, daily minimum temperatures were 32° and below on 127
days at WICR, whereas they were 32° and below on 107 days at SGF (Table 3). The continuous
frost free period extended 172 days from April 21 to October 11, as compared to a 207-day period
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extending from April 6 to October 31 at SGF. Figure 1 graphicaly compares the annua
digtribution of monthly average maximum and minimum temperatures for 1996 & WICR and SGF
with the 30-year average of monthly maximum and minimum temperatures a SGF.

In contrast to annua average temperature, the total annual precipitation of 42.99 inches
recorded at WICR was very near the norma (43.04 inches) recorded at SGF. Monthly average
precipitation ranged from aminimum of 0.60 inches in February to amaximum of 7.59 inchesin
November (Table 1 and Figure 2). Figure 2 aso shows the 30-year average of monthly total
precipitation at SGF. A 24-hour precipitation total of 1 inch or greater was reported on 13 days.
The greatest 24-hour rainfal was 3.29 inches on September 26, as compared to 3.90 inches of rain
at SGF on the same day. SGF reported atota rainfall of 44.86 inchesin 1996. Snow/ice of at least
1 inch in depth covered the ground for 14 daysin 1996 with the greatest depth of 3.86 inches
recorded on January 2 (Table 1).

Table 1 shows monthly and annual wesather data for most of the variables measured on the
North Bloody Hill glade in 1996. It follows the format used by the National Oceanic and
Atmospheric Administration (NOAA) to report Loca Climatological Data (NOAA 1996).

4.2  Soil Temperatureand Moisture

Average soil temperature for each of the three Missouri bladderpod habitats was nearly the
same for the months January to April and September through December. In the summer months,
the rocky habitat had the highest average temperature. Maximum and minimum soil temperatures
were more variable among habitats but for the warm season grass habitat, maximum soil
temperatures were consgstently lower and minimum soil temperatures were consstently higher
throughout the year (Table 2 and Figure 3).

Soil moisture data for the three habitats were not reported since the soil moisture sensors
were not reliable. New sensorswill be ingtalled in 1997.

4.3 Fue Moisture

Fuel moisture data were not reported. However, park managers used real-time monitoring
to obtain fud moisture data for fire-wesather modd input.

50 DISCUSSION

In 1996, the weather at the North Bloody Hill glade mirrored the weather trend at SGF
with both gations reporting below norma average monthly temperatures and near normd totdl
monthly precipitation. Figure 1 graphicaly compares the monthly maximum and minimum
temperatures recorded at WICR and SGF with the norma maximum and minimum temperatures
at SGF. Glades are characterized by xeric conditions much of the growing season and a unique
flora adapted to extremes of temperature and moisture (Ladd and Nelson 1982). The differences
between the glade environment and SGF are evident when temperatures recorded & WICR are
compared to temperatures recorded at SGF. For every month of 1996, mean maximum
temperatures were higher, and mean minimum temperatures were lower; therefore, the
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temperature range at WICR was greater as compared to SGF (Figure 4). As another indication of
the extreme temperature environment on the glade, the number of days with temperatures greater
than 90° and number of days with temperatures below 32° were compared between reporting Sites
(Table 3). The North Bloody Hill glade had 28 more days with temperatures of 90° and above, and
20 more days with temperatures at or below freezing. Furthermore, in 1996, the highest maximum
temperature recorded for the glade was 2° higher than the highest maximum temperature at SGF
and the lowest minimum temperature recorded for the glade was 9° lower than the lowest

minimum temperature at SGF.

In 1996, the exposed rocky habitat had the highest maximum soil temperature (106°)
(Table 1) and far greater number of days with a maximum temperature of 100° and above and a
minimum temperature of 32° and below (Table 2). Differencesin soil temperature among the
glade habitats reflect the extreme climate of the glade and may partialy account for differencesin
germination and surviva of the Missouri bladderpod (Thomas 1996).
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7.0 REFERENCE NOTES

Temperature (°F)
Daly Max: Monthly average of the daily maximum temperatures.
Daly Min: Monthly average of the daily minimum temperatures.
Monthly: Monthly average of the daily average temperatures.
Departure: Departure from 30-year average recorded at the nearest National
Westher Service (NWS) reporting station, Springfield Regiond Airport,

Missouri (SGF)

Highest: Highest temperature of the month.

Lowest: Lowest temperature of the month.

Date: The date when Highest and lowest temperatures were observed.

# of dayswith: Number of days with temperatures greater than or equal to, or less than or
equa to athreshold vaue.

Degree Days (Base 65 °F)
Hesdting: Monthly total Heating Degree Days (HDD).
Coaling: Monthly total Cooling Degree Days (CDD).

Precipitation (inch)
Total: Monthly tota water equivaent.
Departure: Departure from SGF norma precipitation.
Greatest 24-hr: Grestest amount of precipitation fell in 24-hour period.

Date: The date when the greatest amount of precipitation fell in 24-hour
period.
# of dayswith: Number of days with precipitation greater than or equa to, or lessthan or
equa to athreshold value.
Wind (mph)

Avg Max: Monthly average of the daily maximum wind speed.
Fastest 1-min. The fastest wind speed averaged over 1 minute of the month.
Date: The date when the fastest 1-min wind was observed.

Solar Radiation (M egaJules/ m?)
Averages. Monthly average of the daily total solar radiation.
Radiation Index: Ratio of the monthly average of the dally tota solar radiation to daily
incoming
solar radiation (insolation) at the top of the atmosphere.
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Table C-1. Summary of 1996 annual weather data at North Bloody Hill Glade.

Jan| Febl Marl Apn May| Junf Jul Aug| Sep| Octf Noy Dec| Year
Temperature
°F)
Averages
Daily Max| 43 54 53 69 79 87 88 90 80 71 49 51 68
Daily Min| 18 21 26 35 55 57 62 60 49 41 30 24 40
Monthly| 30 37 40 53 67 72 74 74 64 55 39 37 54
Departure -1 1 -6 -3 2 -1 -4 -2 -5 -2 -7 2 -2
Extremes
Highesf 73 80 78 88 92 96 97 99 95 83 76 74 99
Datg 14 26 13 19 24 30 20 6 11 16 5 10, Aug 6
Lowest -8 -17| 2 18 35 44 53 51 34 25 13 1 -17)
Date 8 4 9 6] 2 4 25 14 28 19 27 20| Feb 4
# of Days with
Max Temp $ 90°F 0 0 0 0 2 14 14 15 5 0 0 0 50
Max Temp # 32°F 7 4 2 0 0 0 0 0 0 0 2 4 19
Min Temp # 32°FH 29 23 19 10 0 0 0 0 0 6 16 24 127
Min Temp # 0°H 3 3 0 0 0 0 0 0 0 0 0 0 6
Degree Days
(Base 65°F)
Heating| 1085 812 775 360 0 0 0 0 300 310 780 868 5020
Cooling 0 0 0 0 62 210 279 279 0 0 0 0 830
Precipitation
(in)
Water Equivalent
Total 2.80| 0.60] 1.94] 554 4.75 2.98 3.84 1.83] 6.83 3.03 7.59 1.26] 42.99
Departure| 1.01] -1.57| -1.95 1.36 0.37| -2.11] 0.92| -1.68| 2.21] -0.55 3.84] -1.90| -0.05
Greatest 24-hrp 0.99| 0.31] 0.58 2.09] 0.85 1.42 1.24 0.97| 3.29 1.26| 2.29] 0.68 3.29
Datg 18 26 28 21 5 15 14 18 26 27 6 23| Sep26
Snow, Hail, etc.
Max on the Ground| 3.86] 1.50( 0.00| 0.00, 0.00, 0.00f 0.00f 0.00] 0.00, 0.00f 1.81 0.00, 3.86
Date 2 4 25 Jan 2
# of Days with
Tot Precip $ 0.01in| 12 6 10 7 12 9 8 9 11 8 16 10 118
Tot Precip $ 1in 0 0 0 3 0 1 2 0 3 1 3 0 13
wWind
(mph)
Avg Max 8 9 9 10 8 6 6 6 7 7] 7] 8 8
Fastest 1-min 14 14 15 17, 11 15 11 9 15 10 13 16 17,
Date 17 15 24 28 5 18 22 18 23 29 16 2| Apr28
Solar Radiation
(MJ/m?)
Average 7.69) 12.18 14.00 17.88| 18.75 22.90| 21.08| 19.87| 15.81| 12.87| 6.05 7.52| 14.72
Radiation Index 0.44{ 0.549 0.492| 0.515| 0.484] 0.576| 0.542| 0.547| 0.505| 0.517| 0.314] 0.463] 0.495




Table C-2. Summary of 1996 annual soil temperature data at North Bloody Hill.

Jan| Feb| Mar Aprl May| Jun| Jull Augl Sep| Octl Noy Dec| Yeal

Soil Temperature

(°F)

Averages
Daily Max
RH 38 49| 56 71 84 93 94 921 82 70| 49 44 68
WSG| 38 44 50 63 73 78 81 80| 73| 64 47| 44 61
MH 39 49| 56 72 85 90 88 87 770 66 50 44 67
Daily Min
RH 33 34 38 47 63| 70 T4 72 63| 53 40 34 52
WSG| 35 37 41 50 63] 68 72 72 65 57| 44 39 54
MH 34 35 38 46 62| 67 72 70| 62 54 43 37 52
Monthly
RH 35 40 45 58 72| 80 83 81 71| 61 44 39 59
WSG| 36 40 45 56 67| 73 76 76| 69 60 47 41 57
MH 36 40| 45 57 71 77 79 77 69| 59 46 40 58
Extremes
Highest
RH 55 69 69| 85 100| 105 106 104 97| 78 62 56 106
WSG| 51 60 59 72 82 86 87| 87 80 68 59 52 87
MH 55 69 700 87 105/ 1050 96 94 90| 72 60| 54 105
Lowest

RH 25 22| 28 35 49 591 65 67| 501 44 33 22 22
WSG| 320 26| 32 40 53] 61 67 68 56| 51 36 32 26
MH 29 28 30 36 48| 59| 64 64 53] 45 35 30 28

# of Days with
Max ST $ 90°F
RH 0 0 0 0 11 200 21 22 10 0 0 0 84
WSG
MH 0 0 0 0 12| 17| 14 6] 0 0 0 0 49

o
o
(@)
o
o
o
o
o
o
o
(@)
o
o

Min ST # 32°F
RH 9 8 3 0 0 0 0 0 0 0 0 8 28

WSG 1

MH 4 7 3 0 0 0] 0 0] 0 0] 0 2 16

(0]
(@)
o
o
o
o
o
o
o
(@)
o
©

* All soil temperature probes are buried 1" under ground level.

RH: Rocky Habitat
WSG: Warm Season Grass Habitat
MH: Mixed Habitat



Table C-3. Number of days with maximum temperatures of 90°F and above, and minimum temperatures

32° F and below at Wilson's Creek National Battlefield (WICR) and Springfield (SGF), Missouri.

Jan| Feb Mar| Apr| May| Jun| Jul] Aug| Sep| Oct| Nov| Dec| Total
[
§ Max Temp $ 90°F WICR 0 0 o0 O 2 14 14 15 5 0 0 0 50
© SGF 0 0 0 O 0 5 10 6 1 0 0 0 22
[}
o]
§ Min Temp # 32°F WICR 29 23 19 10 0 0 O 0 q 6 16 24 127
SGF 28 19 18 4 0 0 O 0 q 2 15 21f 107
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Figure C-1. 1996 monthly average maximum and minimum temperatures at Wilson's Creek
Nationa Battlefied (WICR) and Springfield National Weether Service (SGF), Missouri.
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Figure C-2. 1996 monthly precipitation a Wilson's Creek Nationd Battlefidd (WICR), Missouri.
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Figure C-3. 1996 monthly average soil temperatures for 3 glade microhabitats (RH: Rocky
Habitat, WSG: Warm Season Grass Habitat, and MH: Mixed Habitat) at Wilson's Creek Nationa
Battlefield, Missouri.
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Appendix D. Sample westher station maintenance log



MAINTENANCE LOG

STATION:  Pipestone

Date Service/maintenance performed

10-20-95 - ingtdled 200" soil moisture probe
- ingtalled 200" soil temperature probe
- cdibrated rain gauge
- leveled pyranometer
- cleaned solar panel

Name of person who performed service: Dr. Adnan Akyiiz
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On

RAWS MAINTENANCE NARRATIVE

and from the Remote Sensing Fire

Westher Support Unit V|S|ted you digtrict to perform maintenance and/or cdibration on the

NN ) N ) ) ) ) ) ) )

D

RAWS. Thefollowing actions were taken:

The wind speed sensor was replaced.

The wind direction sensor was replaced.

The solar radiation sensor was replaced.

The relative humidity/air temperature sensor was replaced.

The fuel temperature sensor was replaced.

The fud moigtureffud temperature sensor was replaced.

The barometric pressure sensor was replaced.

The Data Collection Platform (DCP) was upgraded to an H555 system.
The soil moisture/soil temperature sensor was replaced.

The battery in the DCP was replaced.

Thetipping bucket was replaced and reset to 00.02 inches from an accumulated reading of
inches.

Other pertinent information: In addition to the above maintenance,

* |n addition to the above maintenance, this station was ingpected for structura strength,
mechanica wear and tear, proper systems aignment, and operationd accuracy.



Appendix E. Wesather gation maintenance schedule and equipment
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The following equipment is kept in aweeather station toolbox:

Magnetic compass

Volt/ohm meter

Allen wrench st

Leve (12" - 24")

Needle-nose pliers

Straight- bit screwdrivers (smdl, medium, and large)
Phillips screwdrivers (smdl and medium)
Pocketknife

Wire strippers

Open-ended wrenches 3/8", 7/16", 1/2", and 9/16"
Socket wrench and 7/16" deep well socket
Electrica tape

Measuring tape

Degree meter

Slicone

Garden spade

Nylon wireties

Scissors

Spare cap for pyranometer

Toothbrush

Fdt-tipped marking pen

12 cc syringe

Cdculator

The fallowing equipment is needed, but it is not carried in the toolbox:

Silicone spray
Lithium greese
Hacksaw

12" pipe wrench
Water

Paper towels

CR10 Operator's Manua with prompt sheet
CR10 keypad

SC12 ribbon cable

6' stepladder
Sedgehammer (smal)
Shovel

Scouring brush

Station log/pen
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Sensor maintenance will be performed at regular intervas, depending on the desired accuracy
and the conditions of use. A suggested maintenance schedule is outlined below:

Six months

Check the pyranometer for level and contamination.

Check the rain gauge funnel for debrisand leve.

Do avisud/audio ingpection of the anemometer at low wind speeds.
Clean the radiation shield.

Clean the temperature/humidity sensor.

Replace the dessicants ingde the enclosure.

oSN E

Oneyear

1. Cdibratetherain gauge.

2. Cdlibrate the HMP35C probe.

3. Replace dessicants (Model #DSC SO-2) in the Sonic Ranging Sensor (WICR).
4. Replace the fud moisture probe.

Two years

1. Cdibrate the pyranometer.
2. Replace the anemometer bearings.

Three years

1. Replace the wind vane potentiometer.

Five years

1. Replace sensor cables as needed.
2. Cdibrate the datalogger.

Fiveto Ten years

1. Replace soil temperature probe.
2. Replace soil moisture probe.

Generd maintenance

1. Clean the glass on the solar pand to improve efficiency.

2. Check sensor leads and cables for cracking, deterioration, proper routing, and
dran reief.

3. Check thetripod for structura damage and for proper dignment and to ensure it is
level/plumb.



Appendix F. Setup configuration for Wilson's Creek Nationa Battlefield And Pipestone Nationa
Monument



Figure F-1. Setup configuration for Wilson's Creek National Battlefield and Pipestone Nationa
Monument.
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Appendix G. EDLOG program for Wilson's Creek Nationd Béttlefield



{ CR10X}

;‘Tabl e 1 Program
01: 60 Execution Interval (seconds)

1. Batt Voltage (P10)
1:1  Loc[Bat_Volt]

2. Temp (107) (P12)

1.1 Reps

2:2 SE Channdl

31 Excited| repsw/Exchan 1
4: 2 Loc[ TempC ]

510 Mult

6:0 Offsat

3. Excdte-Delay (SE) (P4)
1.1 Reps

2.5 2500 mV Sow Range
33 SE Channdl
4:2 Excite dl reps w/Exchan 2
5:15 Deay (units 0.01 sec)
6:2500 mV Excitation

7.3 Loc[ RH ]
8:0.001 Mult
9:0 Offsat

1f RH>1, setitto 1.

4: If (X<=>F) (P89)

1.3 X Loc[ RH ]

2:3 >=

31 F

4:30 ThenDo

5: Z=F (P30)

11 F

2.0 Exponent of 10

33 ZLloc[RH ]

6: End (P95)

7. Saturation Vapor Pressure (P56)
1.2 Temperature Loc[ TempC ]
2.4 Loc[ VPkPa ]

8: Z=X*Y (P36)
1:4  XLoc[VPkPa ]
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23  YLoc[RH ]
34 ZLoc[VPkPa ]

XLoc[RH ]
ZLoc[RH ]

10: Pulse (P3)

1 Reps

1 Pulse Input Channédl

21  Low Levd AC, Output Hz
5 Loc[ WSmps ]
0.098 Mult
0 Offsat

=
'_\

. Excite-Delay (SE) (P4)
Reps
2500 mV Sow Range
SE Channdl
Excite dl reps w/Exchan 2
Deay (units 0.01 se)
500 mV Excitation
Loc[ WDirdeg |
142 Mult
Offsat

NN O -

N

N URWNRE

[@NeiNep)

- Volt (Diff) (P2)
Reps
25 mV 60 Hz Reection Range
DIFF Channd
Loc[ SIrWpsm ]
Mult
Offsat

ocourwnrERg
N
Og\lwwld

If Solar Radiation isless than zero, st it to zero.

13: IF (X<=>F) (P89)
1.7 X Loc[ SIrWpsm |

2.4 <

30 F

4:30 Then Do
14. Z=F (P30)

1.0 F
20 Exponent of 10
37 ZLoc[ SrWpsm |



15: End (P95)

16: Z=X*F (P37)

1.7 X Loc[ SrWpsm ]
2:.00006 F

337 ZLloc[SrMJpsm |

‘Rainfal Amount in mm.

17. Pulse (P3)

1 Reps

: 2 Pulse Input Channdl

. 2 Switch Closure, All Counts
. 8 Loc[ Ranmm ]
:0.254 Mult
-0 Offset

O, wWNPE

18: Do (P86)
1:43  Set Port 3High

19: Do (P86)
1. 74 Pulse Port 4

20: Excitation with Delay (P22)

1.1 Ex Channd

2.0 Dday W/EX (units = 0.01 sec)
35 Delay After Ex (units= 0.01 sec)
4:0 mV Excitation

21: Temp (107) (P11)

1 Reps

12 SE Channd

3 Excite dl repsw/Exchan 3
9 Loc[ STempMH |

1 Mult
0 Offsat

22: Do (P36)
1. 74 Pulse Port 4

23. Excitation with Delay (P22)
1 Ex Channel
0 Delay W/EX (units = 0.01 sec)
5 Delay After Ex (units= 0.01 sec)
0 mV Excitation

24: Temp (107) (P11)
1.1 Reps
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2:12 SE Channd

33 Excitedl| reps w/Exchan 3
4:10 Loc[ STempDL ]

51 Mult

6:0 Offset

25: Do (P36)

1. 74 Pulse Port 4

26. Exataionwith Delay (P22)

Ex Channd

Dday W/EX (units = 0.01 sec)
Delay After Ex (units= 0.01 sec)
mV Excitation

[N Nel

1
2
3
4

27: Temp (107) (P11)
Reps
SE Channel
Excited| repsw/Exchan 3
1 Loc[ STempWSG ]
Mult
Offsat

Ok whE
S

28: Do (P86)
1. 74 Pulse Port 4

29. Excitation with Delay (P22)

11 Ex Channd

2.0 Dday W/EX (units = 0.01 sec)
35 Delay After Ex (units=0.01 sec)
4.0 mV Excitation

. Temp (107) (P11)

1 Reps

12 SE Channd

3 Excitedl reps w/Exchan 3
12 Loc[ STempRH ]
1 Mult
0 Offset

31: Do (P36)
1:46  SetPort 6 High

32: Beginning of Loop (P87)
1.0 Delay
2:4 Loop Count



33: Do (P36)
1. 74 Pulse Port 4

34: Excitation with Delay (P22)

1.1 Ex Channd

2.0 Dday W/Ex (units = 0.01 sec)
32 Delay After Ex (units= 0.01 sec)
4:0 mV Excitation

35: Step Loop Index (P90)
11 Step

36: Period Average (SE) (P27)

1:1  Reps

2.4 2V Peak to Peak/150 kHz Max. Freq.
3:12  SE Channd

4:10  No. of Cycles

55 Timeout (units = 0.01 seconds)
6: 13 -- Loc[ Moisture ]

7:0001 Mult

8.0 Offsat

37: End (P95)

38: Do (P36)

1: 53 Set Port 3 Low

39: Do (P36)
1: 56 Set Port 6 Low

40: Polynomid (P55)

1.4 Reps

2:13 X Loc[ Moisture |
317 FX)Loc[SM_RH ]
4:-0.187 CO

5:0.037 C1

6:0.335 C2

7.0 C3

80 c4

9:0 C5

41: Z=X+F (P34)

1:2  XLoc[TempC ]
2:273.15 F

321 ZLloc[TempK ]

42: SDI-12 Recorder (OS10 1.1) (P105)
1.0 SDI-12 Address
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2.0 Start Measurement (aM Q')
32 Port

4:22  Loc|[ Digtance |

5-1  Mult

6:0 Offset

43. Z=F (P30)

1:27315 F

2.0 Exponent of 10

3:23 ZLloc[RefTemp ]

44
1:21  XLoc[TempK ]
2223 Y Loc[ RefTemp |
324 Zloc[Mut ]
45: Z=SQRT(X) (P39)

1.24 XlLoc[Mut ]
224  ZlLoc[Mult ]

46. Z=X*Y (P36)

1.22 X Loc[ Digance ]
2224 Y lLoc[Mut ]
3:22 ZLloc[ Digance ]

47 Z=X+F (P34)

1:22 X Loc[ Digtance ]
22076 F

325 ZLoc[ SnowDepth ]

1T SnowDepth<0, setitto 0.
48: If (X<=>F) (P89)

1:25 X Loc[ SnowDepth]
2:4 <

30 F

4: 30 Then Do
49: Z=F (P30)
1:0 F

2.0 Exponent of 10
325 ZLloc[ SnowDepth]

50: End (P95)
:Measure 439C Fuel Temperature

51: Excite-Dday (SE) (P4)
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Reps

2500 mV Sow Range

SE Channdl

Excite dl repsw/Exchan 3
Deay (units 0.01 se)

500 mV Excitation

7 Loc[ Fud_Temp]

.0004 Mult

Offsat

P WRoeR
|_\

N

LN WNRE

OQON

;G0 to Subroutine 1 to compute Fuel Temperature

52: Do (P36)
11 Cdl Subroutine 1

;Delay 2 sec before measurement

53: Excitation with Delay (P22)
1:3 Ex Channd

2.0 Delay W/Ex (units = 0.01 sec)

3:200 Deay After Ex (units= 0.01 sec)

4.0 mV Excitation
:Measure Fuem Moisture Voltage signd and convert it from mv
;to V, hence the multiplier is 0.001

54: Volts (SE) (P1)

1 Reps

5 2500 mV Sow Range
7 SE Channdl

;28 Loc[FM_mV ]
:0.001 Mult
:0 Offset

OO, WNE

;G0 to Subroutine 2 to compute Fuel Moisture from the Voltage Signd

55: Do (P86)
1.2 Cdl Subroutine 2

56: If timeis(P92)

1.0 Minutes (Seconds --) into a
2:60 Interva (same units as above)
3:10  Set Output Hag High

57: Set Active Storage Area (P80)
11 Find Storage Area 1
2:111  Array ID



58: Red Time (P77)
1:220 Day,Hour/Minute (midnight = 2400)

59: Average (P71)
1.1 Reps
2.2 Loc[ TempC ]

60: Sample (P70)
1.1 Reps
2:3 Loc[ RH ]

61. Average (P71)
1.1 Reps
2.4 Loc[ VPkPa ]

62: Average (P71)
1.1 Reps
2.7 Loc[ SIrWpsm ]

63: Wind Vector (P69)

Reps

Samples per Sub-Interval

S, é1, & &(él) Polar

Wind Speed/East Loc [ WSmps ]
Wind Directior/North Loc [ WDirdeg ]

ahwdhdE
oo or

64: Totdize (P72)

1.1 Reps

2.8 Loc[ Ranmm |
65: Sample (P70)

1.4 Reps

2217 Loc[SM_RH ]

66: Average (P71)

11 Reps
2:9 Loc[ STempMH ]

67: Average (P71)
1.1 Reps
211  Loc[ STempWSG ]

68: Average (P71)

1:1  Reps
2:12 Loc[ STempRH ]

69: Sample (P70)
1.1 Reps



2:25 Loc[ SnowDepth]

70: Average (P71)
1.1 Reps
2:10 Loc|[ STempDL ]

71 Average (P71)
1.1 Reps
2:27 Loc[ Fud_Temp]

72: Average (P71)
1.1 Reps
2:29 Loc[ Fud_Mois]

73. If timeis (P92)

1.0 Minutes (Seconds --) into a

2: 1440 Interva (same units as above)
310  Set Output Flag High

74: Set Active Storage Area (P30)
1.1 Find Storage Areal
2:222 Array ID

75. Red Time (P77)
1:1220 Year,Day,Hour/Minute (midnight = 2400)

76: Average (P71)
1.1 Reps
2:2 Loc[ TempC ]

77. Maximize (P73)

1.1 Reps

2.0 Vaue Only

3.2 Loc[ TempC ]
78. Minimize (P74)

1.1 Reps

2:0 Vaue Only

32 Loc[ TempC ]
79: Maximize (P73)

1.1 Reps

2.0 Vaue Only

3:3 Loc[ RH ]

Reps

80: Minimize (P74)
11
2.0 Vaue Only



33 Loc[ RH ]

81: Average (P71)
1.1 Reps
2.4 Loc[ VPkPa ]

82: Totdize (P72)
1.1 Reps
2:37 Loc[ SrMJpsm ]

83: Wind Vector (P69)

X Reps

Samples per Sub-Interval

S, é1, & &é1) Polar

Wind Speed/East Loc [ WSmps ]
Wind Direction/North Loc [ WDirdeg |

[SAREC SN\ o
(N NeNaN

Reps

85: Totdize (P72)

1:1  Reps
2.8 Loc[ Ranmm ]

86: Average (P71)
1.
2

87: Average (P71)
1.1 Reps
2:9 Loc[ STempMH |

88: Maximize (P73)

1:1  Reps

2.0 Vaue Only

39 Loc[ STempMH ]

89: Minimize (P74)

11 Reps

2.0 Vdue Only

39 Loc[ STempMH |

90: Average (P71)
1.1 Reps
2:11  Loc[ STempWSG ]



91: Maximize (P73)

1.1 Reps

2.0 Vaue Only

311 Loc[ STempWSG |
92: Minimize (P74)

11 Reps

2.0 Vdue Only
311 Loc[ STempWSG ]

93: Average (P71)

1.1 Reps

2:12 Loc[ STempRH ]
94: Maximize (P73)

1.1 Reps

2.0 Vdue Only

3:12 Loc[ STempRH ]

95: Minimize (P74)

1:1  Reps

2.0 Vdue Only

312 Loc[ STempRH ]

96: Sample (P70)
1.1 Reps
2.1 Loc[ Batt Valt]

97: Average (P71)
1.1 Reps
2:10 Loc[ STempDL ]

98: Maximize (P73)

1:1  Reps

2.0 Vdue Only

310 Loc[STempDL ]

99: Minimize (P74)

1.1 Reps

2.0 Vdue Only

3:10 Loc[STempDL ]

100: Average (P71)
1:1  Reps
2:27 Loc[ Fud_Temp]
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101: Maximize (P73)

1.1 Reps

2.0 Vdue Only

3:27 Loc[Fud Temp]

102: Minimize (P74)

1.1 Reps

2.0 Vaue Only

327 Loc[Fud Temp]

103: Average (P71)
1.1 Reps
2:29 Loc[ Fud_Mois]

104: Maximize (P73)

1:1  Reps

2.0 Vdue Only

329 Loc[Fud_Mois]

105: Minimize (P74)

1.1 Reps

2.0 Vdue Only

3:29 Loc[ Fud_Mois]

106: If timeis (P92)
1.0 Minutes (Seconds --) into a
2:15 Interva (same units as above)

3:10  Set Output Flag High

107: Set Active Storage Area (P80)
1:3 Input Storage Area
2:26  Loc[ RanTotd ]

108: Totdize (P72)
1.1 Reps
2:8 Loc[ Ranmm ]

109: IF (X<=>F) (P89)
1:26 X Loc[RanTotd ]

2:2 <>
30 F
4:30 Then Do

110: Set Active Storage Area (P80)
11 Find Storage Areal

2:444  Array ID

111: Red Time (P77)



1:220 Day,Hour/Minute (midnight = 2400)

112: Sample (P70)
1.1 Reps
226 Loc[RanTotd ]

113; End (P95)

;Fire Weather Output with a 1pm Dump time.
;Fire Weather Day starts and ends at 1pm.
:Set Array ID 333 as Fire Weather Output.

114: If timeis (P92)

1. 780 Minutes (Seconds--) into a
2: 1440 Intervd (same units as above)
3:10  Set Output Flag High (Flag 0)

115: Set Active Storage Area (P80)
11 Find Storage Area 1
2:333 Array ID

116: Red Time (P77)
1:1220 Year,Day,Hour/Minute (midnight = 2400)

117: Maximum (P73)
1.1 Reps

2:00  TimeOption
32 Loc[ TempC ]

118: Minimum (P74)

1.1 Reps

2:00  TimeOption
32 Loc[ TempC ]

119: Maximum (P73)
1.1 Reps

2:00  TimeOption
33 Loc[ RH ]

120: Minimum (P74)
1.1 Reps

2:00  TimeOption
3:3 Loc[ RH ]

121: Totdize (P72)

11 Reps
2:8 Loc[ Ranmm ]
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122: Maximum (P73)

1.1 Reps

2:00  TimeOption
35 Loc[ WSmps |

;Turn off the cdl phone a 6pm and back on a 7am.

123: Time (P18)

11 Minutes into current day (maximum 1440)
2: 0000 Mod/By

3:36 Loc[ Minutes ]

Turn it off before 7am.

124: If (X<=>F) (P89)
1:.36 X Loc[ Minutes ]
2:4 <

3420 F

4. 55 Set Port 5 Low

;After 7am and before 5pm, turn it on.

125: If (X<=>F) (P89)
1:36 X Loc[ Minutes ]

2:3 >=
3:420 F
4: 30 Then Do

126: If (X<=>F) (P89)
1:36 X Loc[Minutes ]
2:4 <

3:1020 F

4:45  Set Port 5High

127 End (P95)

;After 5pm, turn it off.

128: If (X<=>F) (P89)
1:36 X Loc[ Minutes ]
2:3 >=

3:1020 F
4:55  SetPort5Low

*Table 2 Program
02: 0.0000 Execution Interval (seconds)
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*Table 3 Subroutines

1: Beginning of Subroutine (P85)
11 Subroutine 1

;Bridge Trandform in kohms

2. BR Trandform Rf[X/(1-X)] (P59)
1.1 Reps

2:27 Loc[ Fud_Temp]

31 Multiplier (Rf)

:Conver kohms to ohms

3. Z=X*F (P37)

1.27 XLoc[Fud Temp]
2:1000 F

327 Zloc[Fud Temp]

:Save thermister ohm vaue

4. Z=X (P31)
1:27 XLoc[Fud_Temp]
2230 Zloc[FTohms ]

;Computation of Fud Temperature from Steinhart-Hart EQ.

:1/T=A+BInR+C(InR)"3
:‘where A=1.029x10"-3

. B=2.393x10"-4
C=1.563x10"-7
R:Ressancein ohms
T:Temperaturein C

5: Z=LN(X) (P40)
1.27 XLoc[Fud Temp]
2:27 Zloc[Fud _Temp]

6

1

2.-3  Exponent of 10
331 ZLoc[A ]

7

1.2

2.-4  Exponent of 10
3:32 Zloc[B ]
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8. Z=F (P30)

1:1563 F

2.-7  Exponent of 10
3:33 ZLloc[C ]

9: Z=X*Y (P36)

1.27 XLoc[Fud Temp]
2:27 Y Loc[Fud Temp]
334 ZLoc| scratchl |

10: Z=X*Y (P36)

1.27 XLoc[Fud Temp]
2:34 Y Loc[ scratchl |
3:34 ZLloc| scratchl ]

11: Z=X*Y (P36)

1:34 X Loc[ scratchl ]
2233 Yloc[C ]
334 ZLoc| scratchl |

12: Z=X*Y (P36)

1.27 XLoc[Fud Temp]
2232 Yloc[B ]
3:35 ZLoc]| scratch2 ]

13: Z=X+Y (P33)

1:34 X Loc[ scratchl ]
2:35 Y Loc| scratch2 |
327 Zloc[Fud Temp]

14: Z=X+Y (P33)

1:31 XLoc[A ]
2227 Y Loc[Fud_Temp]
3:27 Zloc[Fud Temp]

15: Z=1X (P42)
1.27 XlLoc[Fud Temp]
2:27 Zloc[Fud Temp]

16: Z=X+F (P34)

1.27 XLoc[Fud Temp]
2.-273.15 F

327 Zloc[Fud _Temp]
;End Subroutine 1

17: End (P95)
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;Begin Subroutine 2 for Fud Moisture Measurement

18: Beginning of Subroutine (P85)
1.2 Subroutine 2

;If the FM signd is0.24 and less, set it to 0.24.
:Therefore the min FM is 0.95%

19: IF (X<=>F) (P89)

1:28  XLoc[FM_mV ]
2.4 <

3:024 F

4:30 ThenDo

20: Z=F (P30)

1.024 F

2.0 Exponent of 10
328 ZLoc[FM_mV ]

21: Z=F (P30)

1:.095 F

2.0 Exponent of 10
329 Zloc[Fud_Mois]

22: End (P95)

If the FM sgnd isless than .54 use the polynomia
;to compute FM in %

23 IF (X<=>F) (P89)
1:28  XLoc[FM_mV ]

2.4 <
3054 F
4: 30 Then Do

24: Polynomid (P55)

1.1 Reps

2228 XLoc[FM_mV ]
329 F(X)Loc[ Fud_Moais]
4:-41.415 CO

5:254.23 C1

6. -365.96 C2

7:171.51 C3

80 c4

9:0 C5

;Else use Mutiplier and offset
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25: Else (P94)

26: Z=X*F (P37)

1:28 XLoc[FM_mV ]
2:15772 F

329 Zloc[ Fud Mois]
27: Z=X+F (P34)

1.:29 X Loc[Fud_Mois]
2:7683 F

329 Zloc[Fud Mois]
:End Else

28: End (P95)

:End Subroutine 2

29: End (P95)

End Program
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-Input Locations-
1 Batt_Volt

2 TempC
3RH

4 VPkPa

5 WSmps

6 WDirdeg

7 SrWpsm

8 Ranmm

9 STempMH
10 STempDL
11 STempWSG
12 STempRH
13 Moisture
14

15

16
17SM_RH
18 SM_WSG
19SM_DL
20 SM_MH
21 TempK

22 Digtance
23 RefTemp
24 Mult

25 SnowDepth
26 RainTotd
27 Fud_Temp
28 FM_mV
29 Fud _Mois
30 FTohms
31A

32B

33C

34 scratchl
35 scratch2

36 Minutes

37 SrMJpsm
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Appendix H. EDLOG program for Pipestone National Monument
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{ CR10X}

;‘Tabl e 1 Program
01: 60 Execution Interva (seconds)

;Measure Battery Voltagein Volts.

1. Batt Voltage (P10)
11 Loc[ Batt Valt]

:CS500 M easurements.
;Temperaturein deg_C.

2: Volts(SE) (P1)

1:1 Reps

2:25 2500 mV 60 Hz Regjection Range
32 SE Channd

4: 2 Loc[ Temp C |

501 Mult

6:-40 Offsat

;Relaive Humidity.

3. Volts(SE) (P1)

1:1  Reps

2:25 2500 mV 60 Hz Regection Range
33 SE Channdl

4:3 Loc[ RH ]
5:0.001 Mult
6:0 Offsat

JIf RH>1, Setitto 1.

4 |F (X<=>F) (P89)

13 X Loc[ RH ]
2:3 >=

31 F

4:30 Then Do

5: Z=F (P30)

11 F

2.0 Exponent of 10
33 ZLloc[RH ]
6: End (P95)

;Saturation Vapor Pressure.



TemperatureLoc [ Temp C |

7. Saturation Vapor Pressure (P56)
1.2
2.4 Loc[ VP kPa ]

;Actua Vapor Pressure=Sat.VP*RH.

8. Z=X*Y (P36)

1.4 X Loc[ VP _kPa ]
223  YLoc[RH ]

34 ZLoc[VP kPa ]
‘RH in %.
9. Z=X*F (P37)

1:3  XLoc[RH ]
2100 F

33 ZLloc[RH ]
;Win Speed in nvs.

10: Pulse (P3)

1:1  Reps

21 Pulse Channdl 1

321 LowLevd AC, Output Hz
4:5 Loc[ WS mps ]
5:0.098 Mult

6:0 Offset

:Wind Direction.

11: Excite-Delay (SE) (P4)
1:1  Reps

2.5 2500 mV Slow Range
34 SE Channd

4:2 Excite dl reps w/Exchan 2
5:2 Delay (units 0.01 sec)
6: 2500 mV Excitation

7.6 Loc[ WD _deg |
8:0.142 Mult

9:0 Offset

;Solar Radiation.

12: Volt (Diff) (P2)

1:1  Reps

2:23  25mV 60 Hz Reection Range
33 DIFF Channd
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4:7 Loc[ SR Wpsm |
5:200 Mult

6.0 Offset

If SR<0, Setitto O.

13: IF (X<=>F) (P89)

1.7  XLoc[SR Wpsm ]
2.4 <

30 F

4:30 ThenDo

14: Z=F (P30)

1.0 F

2.0 Exponent of 10

37 ZLoc[ SR Wpsn |
15: End (P95)

16: Z=X*F (P37)

1.7 X Loc[ SR Wpsm ]
2:.00006 F

3:20 ZLoc[ SR MJpsm ]

:Ranfdl inmm.

17: Pulse (P3)

1.1 Reps

2.2 Pulse Channd 2

32 Switch Closure, All Counts
4: 8 Loc[R.mm ]

5:0254 Mult

6:0 Offset

:Soil Temperature at 100'.

18: Temp (107) (P11)

1.1 Reps

2.1 SE Channd

33 Excite dl repsw/E3
4: 9 Loc[ ST100 C ]
510 Mult

6:0 Offset

;Soil Temperature at 200'.

19: Temp (107) (P11)
1.1 Reps

I



212  SEChannd

33 Excited| repsw/E3
4:10 Loc[ST200 C ]
510 Mult

6:0 Offset

:Soil Temperature at 300'.

20: Temp (107) (P11)

11 Reps

2.9 SE Channdl

32 Excited| repsw/E2
4:11  Loc[ST300 C ]
510 Mult

6:0 Offset

;Fuel Moisture.

;Sinceit takes 2 min and 20 sec to make a Fud Moisture M easurement,
;Turn on the Control Port 3 min prior to measurement and turn it off.

21 If timeis(P92)

1.57  Minutes (Seconds--) into a
2:60 Interva (same units as above)
3:41  SetPort 1 High

22: If timeis(P92)

1.0 Minutes (Seconds --) into a
2:60 Interva (same units as above)
3:30 ThenDo

23: Volts(SE) (P)

1.1 Reps

25 2500 mV Slow Range
311  SEChannd

4:12  Loc[ FM ]
5:0.001 Mult

6:05 Offset

24; Z=X*F (P37)

1:12 XLoc[FM ]
210 F

312 ZLoc[FM ]

25: Do (P36)
1: 51 Set Port 1 Low

;Soil Moisture Measurements at 100',200" and 300 respectively.
;Turn on the port only once an hour prior to measurement.
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:Sensor:CS615 Water Content Reflectometer.

26: Do (P86)
1:42  SetPort 2 High

27: Period Average (SE) (P27)

1 Reps

4 2V Peak to Peak/150 kHz Max. Freq.
7 SE Channd

10  No. of Cycles

5 Timeout (units = 0.01 seconds)
13 Loc[P_100 ]

0.001 Mult

0 Offset

o~NOoO O~ WDNPE

28. Do (P86)
1: 52 Set Port 2 Low

29: Polynomid (P35)

1.1 Reps

2:13 Xloc[P 100 ]
314 FX)Loc[SM_100 ]
4:-0.22 CO

5:0194 C1

30: Do (P36)
1:43  SetPort 3High

31: Period Average (SE) (P27)

1 Reps

4 2V Peak to Peak/150 kHz Max. Freq.
8 SE Channdl

10  No. of Cycles

5 Timeout (units = 0.01 seconds)
15 Loc[P 200 ]

:0.001 Mult
0 Offset

32: Do (P36)
1: 53 Set Port 3 Low

33: Polynomid (P55)

1:1  Reps
2:15 X Loc[P. 200 ]
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3:16 FK(X)Loc[SM_200 ]
4:-0.22 CO

5:0194 C1

6:0.145 C2

7.0 C3

8:0 c4

9:0 C5

34. Do (P86)

1.44  Set Port 4 High

35: Period Average (SE) (P27)
Reps
2V Peak to Peak/150 kHz Max. Freq.
SE Channel
No. of Cycles
Timeout (units = 0.01 seconds)
7 Loc[P_300 ]
001 Mult
Offsat

e N =

o o

NSO AWNERE

OCOEFr U

36: Do (P36)
1.4 Set Port 4 Low

37: Polynomid (P55)

1:1  Reps

2:17 X Loc[P_ 300 ]
318 F(X)Loc[SM_300 ]
4.-0.22 CO

5:0194 C1

6:0.145 C2

7.0 C3

8.0 c4

9:0 C5

38: End (P95)

;OUTPUT

;HOURLY (111) OUTPUT.

39: If timeis (P92)

1:0 Minutes (Seconds --) into a
2:60 Interva (same units as above)
310  Set Output Flag High (Hag 0)

40: Set Active Storage Area (P80)
1.1 Find Storage Areal
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2:111  Armay ID

41: Red Time (P77)
1:220 Day,Hour/Minute (midnight = 2400)

42: Average (P71)
1.1 Reps
2.2 Loc[ Temp C ]

43: Sample (P70)

1.1 Reps
2:3 Loc[ RH ]

Reps

44: Average (P71)
11
2.4 Loc[ VP _kPa ]

45. Average (P71)
1.1 Reps
2.7 Loc[ SR Wpsm |

46. Wind Vector (P69)

Reps

Samples per Sub-Interval

S, é1, & &(él) Polar

Wind Speed/East Loc [ WS mps ]
Wind Direction/North Loc [ WD_deg ]

aRrwWhRE
oo or

47. Totdize (P72)
1.1 Reps
2:8 Loc[R.mm ]

48: Average (P71)
1:3 Reps

2.9 Loc[ ST100 C ]

;Average Soil Moistures at 100,200 and 300'.
49: Sample (P70)

1.6 Reps

2:13 Loc[P 100 ]

;Sample Fud Moisture.

50: Sample (P70)
1:1  Reps
2:12 Loc[ FM ]



;For WeatherPro to work, | added following information to ourly output.
;| added in the end of the hourly arraysto avoid changes in the hourly
;array structure of previoudy recorded parameters.

51: Red Time (P77)
1:1000 Year

52: Maximum (P73)

1.1 Reps

2:00  TimeOption
35 Loc[ WS mps ]

53: Maximum (P73)

1.1 Reps

2:00  TimeOption
32 Loc[ Temp C ]
54: Minimum (P74)

1.1 Reps

2:00  TimeOption
32 Loc[ Temp C ]
55: Maximum (P73)

1.1 Reps

2:00  TimeOption
33 Loc[ RH ]
56: Minimum (P74)

1.1 Reps

2:00  TimeOption
33 Loc[ RH ]

:DAILY (222) OUTPUT.

57: If timeis (P92)

1.0 Minutes (Seconds --) into a

2: 1440 Interva (same units as above)
310  Set Output Flag High (Hag 0)

58: Set Active Storage Area (P80)
1.1 Find Storage Areal
2:222 Array ID

59: Red Time (P77)
1:1220 Year,Day,Hour/Minute (midnight = 2400)

60: Average (P71)
1.1 Reps



2.2 Loc[ Temp C ]

61: Maximize (P73)

1.1 Reps

2.0 Vaue Only

32 Loc[ Temp C ]
62: Minimize (P74)

11 Reps

2.0 Vdue Only

32 Loc[ Temp C ]
63: Maximize (P73)

1.1 Reps

2.0 Vdue Only

33 Loc[ RH ]
64. Minimize (P74)

1.1 Reps

2.0 Vdue Only

33 Loc[ RH ]

65: Average (P71)
11 Reps
2.4 Loc[ VP kPa ]

66: Totdize (P72)

1.1 Reps
2.20 Loc[ SR MJpsm |

67: Wind Vector (P69)

1.1 Reps

2.0 Samples per Sub-Interval

3:0 S, é1, & &(él) Polar

4: 5 Wind Speed/East Loc [ WS mps ]
5.6 Wind Direction/North Loc [ WD_deg ]

68. Maximize (P73)

1.1 Reps

2.0 Vaue Only

35 Loc[ WS mps ]
69: Totdize (P72)

1:1  Reps

2.8 Loc|R.mm ]

70: Average (P71)
1.1 Reps



2.9 Loc[ ST100 C ]

71. Maximize (P73)

1.1 Reps

2.0 Vaue Only

39 Loc[ ST100 C ]
72 Minimize (P74)

1.1 Reps

2.0 Vdue Only

39 Loc[ ST100 C ]

73. Average (P71)

1:1  Reps
2:10  Loc[ST200 C ]

74: Maximize (P73)

1.1 Reps

2.0 Vdue Only

3:10 Loc[ST200 C ]

75. Minimize (P74)

1:1  Reps

2.0 Vdue Only

3:10 Loc[ST200 C ]

76: Average (P71)

1.1 Reps
2211 Loc[ST300 C ]

77. Maximize (P73)

1.1 Reps

2.0 Vaue Only

3:11 Loc[ST300 C ]

78. Minimize (P74)

1.1 Reps

2.0 Vaue Only

311 Loc[ST300 C ]

79: Sample (P70)
1.1 Reps
2.1 Loc[ Batt_Volt]

80: Average (P71)

1:1  Reps
2:14  Loc[SM_100 ]



81: Average (P71)
1.1 Reps
2:18 Loc[SM_300 ]

;15-MINUTE OUTPUT.

:Send anew variable, Total Rainfall, totaled every 15 minutes
;to input location 19, and report the tota value on find staorege
aeaddd, if thereisaranfal.

82: If timeis(P92)

1:0 Minutes (Seconds --) into a
2:15 Interva (same units as above)
310  Set Output Flag High (Hag 0)

83: Set Active Storage Area (P80)
1.3 Input Storage Area
2:19 Loc[ RanTotd |

84: Totdize (P72)

1.1 Reps

2:8 Loc[R.mm ]
85: IF (X<=>F) (P89)

1:19 X Loc[ RanTotd |
2.2 <>

30 F

4:30 ThenDo

86: Set Active Storage Area (P80)
11 Find Storage Areal
2:444  Array ID

87: Red Time (P77)
1.220 Day,Hour/Minute (midnight = 2400)

88: Sample (P70)
11 Reps
2219 Loc[ RanTotd |

89: End (P95)

;Fire Weather Output with a 1PM dump time.
;Fire Weather Day startsand ends at 1 PM.

90: If timeis(P92)
1. 780 Minutes (Seconds--) intoa
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2: 1440 Interva (same units as above)
3:10  Set Output Flag High (Flag 0)

:Set array |1D as 333 for the Fire Weather output.

91: Set Active Storage Area (P80)
11 Find Storage Areal
2:333 Armay ID

92: Red Time (P77)
1:1220 Year,Day,Hour/Minute (midnight = 2400)

93: Maximum (P73)

1.1 Reps

2:00  TimeOption
32 Loc[ Temp C ]

94: Minimum (P74)

1.1 Reps

2:00  TimeOption
32 Loc[ Temp C ]

95: Maximum (P73)
1.1 Reps

2:00  TimeOption
33 Loc[ RH ]

96. Minimum (P74)

1.1 Reps

2:00  TimeOption
33 Loc[ RH ]

97: Totdize (P72)
1.1 Reps
2:8 Loc[R.mm ]

98: Sample (P70)
1.1 Reps
2.2 Loc[ Temp C ]

99: Sample (P70)
1.1 Reps
2:3 Loc[ RH ]

100: Sample (P70)
1.2 Reps
2:5 Loc[ WS mps |



101: Sample (P70)
1.1 Reps
2:12 Loc[ FM ]

102: Maximum (P73)
1:1  Reps

2:00  TimeOption
35 Loc[ WS mps ]

*Table 2 Program
02: 0.0000 Execution Interva (seconds)
*Table 3 Subroutines

End Program



-Input Locations-
1 Batt_Volt
2Temp C
3RH
4VP_kPa
S5WS mps
6 WD_deg

7 SR_Wpsm
8R mm
9ST100 C
10ST200 C
11 ST300 C
12 FM

13 P_100

14 SM_100
15P_200

16 SM_200
17 P_300
18 SM_300
19 RainTotd
20 SR_MJpsm



Appendix I. SPLIT, input and output configuration that generate hourly and daily reports for
Wilson's Creek Nationd Beattlefield
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Figurel-1. SPLIT program input configurations that generate hourly reports for the previous day

for Wilson's Creek Nationd Battlefidd.
'm Spht - WCREEK_PAR

File Edit Labelz Bun Printer Help

Input File(s]: 1 Dutput File ]

—Irnput Data File

i~ File Info

Browse | iE:'\F'E2EIEW'\WEHEEK.DAT | !.-’-‘n.utDDetect _:I| Offsets |

—Start Condition
2-1E3000] =

Stop Condition
21300 =

~ Copy
1[111] -

4

~Select
2.3.4°1.8+32 5,7 872 2367.9.11/25. 4 smpllcilf]smplAwvg T:") Awval471.8+32.smpl["'M ax

T:"Max(4771.8+32. smpl[ Min

T:"1LMin[4171.8+32. zmpllcrlf],zmpl”' T otR ad:"].T atal( 717000326, zmpl b /i Lzmpllcrf], zmpl T otR ain:''), T otal[17]1/25.

I

' WCREEK.DAT 1

Figure I-2. Corresponding output configurations that generate hourly reports for the previous day
for Wilson's Creek Nationd Beattlefield.

iEF Split - WCREEK.PAR
File Edit Labelz Bun Printer Help
Input File(z] T ]
m Output Data
~File ~File Format————— rRepot——
Browse | |wc[eek_pm ‘ Field LI ‘ i+ Filz Other.. |
| | " Printer
¥ Screen Display Colurnn ‘Widths { Hone |
~Feport and Colurmn Heading:

Report Heading Wilzan's Creek Mational B attlefield Autormated Weather Station, Fepublic, MissourhD aily Weather
Columntt 1 2 3 4 L5} 5 7
Element/FieldH) 2 3 441 .8+32. 5 i 952 2367 |
Filename WCREEK.DAT|WCREEK.DAT)'WCREEK.DAT| W CREEK. DAT| W CREEK. DAT|WCREEK. DAT|"WCREEK. D
Line 1 Average Rel. Solar Wind Wwind
Line 2 Jullian Haur Temp. Hurn. Fad. Speed Direct.

Line 3 Date [C5T) [*F) [%) [ ) [mph] [deq)
Decimal 1 0 0 1 0

4] | b
Time Senies Heading | | Insert | Delete | Add |
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Figure[-3. SPLIT program input configurations that generate daily reports for Wilson's Creek

Nationdl Battlefidd.
i Split - WCMONTH_PAR

Fil= Edit Labelz Bun Frinter Help

Anput File(s) || Dutput File ]

~Input Data File

~File Info

Browse |IE:-Pczﬂw\wcHEEK.DM | | |auto Detect = Offsets |

—Start Condition
3[308]

T

—Stop Condition
3[335] =

4

~ Copy
1[222] =

4

—Select

Dabe(3:2).671.6+32.0,71.8+32.0.8,3.171 12722367 13,1572, 2361670, 0334 srmpl{crlf) smpl" T otal
P:"). Total[16]*0.03337

d I»

Y WCREEK.DAT f

Figure I-4. Corresponding output configurations that generate daily reports for Wilson's Creek
Nationd Battlefield.

p 1 PAR e =
File Edit Labelz Bun Printer Help
Input File(s] ] |
r Output Doata
i File i File Format——— rRepot—
e | C:APC208wWWEm Field =]  File Dther. |
" Prinker
v Screen Display Calumn Widths £ s

~Report and Colurmn Heading

Report Heading |

Columnd 1 2 3 4 5 E 7
Element/FigldH 0 ate[3:2) B1.8+32.0 71.8+32.0 g 3 11 1252 2367
Filename WCREEK. DAT['WCREEK. DATWCREEK. DAT| WCREEK. DAT| WCREEK. DAT| WCREEK. DAT[WCREEE. DA
Line 1 Maw kin Max tin Tot Shr Wind

Ling 2 Mo, Day Temp. Temp. FH FH Fiad. Speed

Line 3 ['F) [’F] [%] (%] [bdd A [riph)
Decimal 1 1 0 a 2 1

o] :
Time Series Heading | | Imsert | Delete | &dd |

Second line of column heading




Appendix J. SPLIT, input and output configuration that generate hourly and daily reports for
Pipestone National Monument



Figure J- 1. SPLIT program, input configurations that generate hourly reports for the previous day

for Pipestone Nationa Monument.
i Split - PSTONE.PAR

File  Edit Help

I

Bun  Frinter

Labelz

Output File ]

~Input Data File

Browse | !E:\F’E2DB’M\:"\F‘ST OME.DAT

—Start Condition
2[-11:30100]

~File Info
| !.t'—‘«utn Detect

_:I| Offsets |

T

—Stop Condition
2[}3100)

4

~ Copy
1[111]

—Select
2.3.4%1.8+32.0,5,7.8°2. 2367 .9.11/25. 4 smpl[crlfsmpl g T:"LAval4F1.8+32. smpl" M ax

T:" Max(4)1.8+32 _smpl"Min

T Min(4)%7. 8432, zmpl(crf] zmpl ' TotR ad:"'],T otal[71*0.0036 mpl[ k4 Areé ] zmpllcif)smpl T otR ain:' 7, Tatal(11]425.

v PSTOME.DAT:1 J

Figure J-2. Corresponding output configurations that generate hourly reports for the previous day
for Pipestone Nationad Monument.

p [] PAR e =
File Edit Labelz Bun Printer Help
Input File(s] ] |
r Output Doata
i File i File Format——— i~ Report
e | P20 pston ‘ Field =] ‘ = File Other.. |
| | " Prinker
v Screen Display Calumn Widths £ s

Report Heading

~Report and Colurmn Heading

Fipestone Mational Monument Automated ‘w'eather Station, Fipestone, MinnezotatD aily Wearher D

Columnd 1 2 3 4 5 E 7
Element/Figld 2 3 4*1 8+32.0 5 Fi 2 2367 3

Filename PSTOMNE.DAT(PSTOME.DAT|PSTOME.DAT|PSTONE.DAT{PSTONE.DAT{PSTOME.DAT{PSTOME Did
Line 1 Ayerage Rel Solar Wind Wwind

Ling 2 Jullian Hour Temp. Hum. Fad. Speed Direct.

Line 3 Day [E5T) [’F] [%] [ ] [miph) [deg)
Decimal 1] 1 0 a 1 a

4] | 3
Time Series Heading | | Imsert | Delete | &dd |




Figure J3. SPLIT program, input configurations that generate daily reports for Pipestone Nationd
Monument.

plit - PSMONTH.PAR

Fil= Edit Labelz Bun Frinter Help

I

Output File ]

~Input Data File

~File Info

Browse | IE:\F’E2DB’M\:"\F‘ST OME.DAT

| !.t'—‘«utn Detect

;I| Offsets |

—Start Condition

3(309]

T

—Stop Condition

3[335]

4

~ Copy

1[222]

—Select

Drabel320L06.771.8+32. 8,911 1272 2367 131 5°2. 236,16/ 25, 4 smplcrif]smpl"T atal P2, T okal(16]%0.03337

v PSTOME.DAT:1 J

Figure J-4. Corresponding output configurations that generate daily reports for Pipestone Nationa

Monument.
p PSHO PAH —|=
File Edit Labelz Bun Printer Help
Input Files) ] ]
r Output Doata

i File i File Format——— i~ Report

Browse | C:APC208WAPS mo & File Other. |

" Prinker
v Screen Display Calumn Widths £ s
~Report and Colurmn Heading
Report Heading |

Column# 1 2 3 4 5 B %
Element/Figld# D ate[3;2) [6)1.8+32. [F11.8+32. a 9 11 1252 2367
Filename PSTOME.DAT:|PSTOME.DAT|PSTOME. DATPSTOME.DAT|PSTONE. DAT{PSTOME.DAT|PSTOME DA
Line 1 b ax. rin b ax tin Total wind
Ling 2 Mo, Day Temp. Temp. FH FH SR Speed
Line 3 ['F] [°F] %] (%) [t A ri) [mph)
Decimnal 1 1 0 a 2 1
4 | »
Time Series Heading | | Imsert | Delete | &dd |




Appendix K. Array structure for Wilson's Creek Nationd Battlefield
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Fina Storage Label Filefor: WCREEK.CSl
Date: 1/29/1999
Time 13.07:26

111 QOutput_Table 60.00 Min
1111L

2Day RTM L

3 Hour_Minute RTM L
4 TempC _AVG L

5RH L

6 VPkPa_ AVG L

7 SrWpsm _AVG L
8WSmps S WVT L
9WDirdeg D1 WVT L
10 WDirdeg_SD1 WVT L
11 Ranmm_TOT L
12SM RH L
13SM_WSG L

14SM DL L

15SM MH L

16 STempMH_AVG L
17 STempWSG_AVG L
18 STempRH_AVG L
19 SnowDepth L

20 STempDL_AVG L
21 Fud_Temp AVG L
22 Fud_Mois AVG L



222 Output_Table 1440.00 Min
1222 L

2Year RTM L

3Day RTM L

4 Hour_Minute RTM L
5TempC AVG L

6 TempC_MAX L

7 TempC_MIN L
8RH_MAX L
9RH_MIN L

10 VPkPa_AVG L

11 SrMJpsm_TOT L
12WSmps S WVT L
13 WDirdeg_ D1 WVT L
14 WDirdeg_SD1 WVT L
15WSmps MAX L

16 Ranmm_TOT L
17SM_RH_AVG L

18 SM_WSG_AVG L
19SM DL_AVG L
20SM_MH_AVG L

21 STempMH_AVG L
22 STempMH_MAX L
23 STempMH_MIN L
24 STempWSG_AVG L
25 STempWSG_MAX L
26 STempWSG_MIN L
27 STempRH_AVG L
28 STempRH_MAX L
29 STempRH_MIN L
30 Batt_Volt L

31 STempDL_AVG L
32 STempDL_MAX L
33 STempDL_MIN L

34 Fud_Temp AVG L
35 Fud_Temp MAX L
36 Fue_Temp_MIN L
37 Fud_Mois AVG L
38 Fue_Mois MAX L
39 Fuel_Mois MIN L



26 Input_Storage 15.00 Min
1 Ranmm TOT L

2Day RTM L

3 Hour_Minute RTM L

4 RanTotd L

333 Output_Table 1440.00 Min
1333L

2Year RTM L

3Day RTM L

4 Hour_Minute RTM L
5TempC_MAX L

6 TempC_MIN L
7RH_MAX L

8 RH_MIN L
9Ranmm _TOT L

10 WSmps MAX L

Estimated Tota Fina Storage Locations used per day 961.0
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Appendix L. Array structure for Pipestone Nationa Monument
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Find Storage Labd Filefor: PSTONE.CS
Date: 3/10/2000
Time 10:50.03

111 QOutput_Table 60.00 Min
1111L

2Day RTM L

3 Hour_Minute RTM L
4Temp C AVG L
5RH L

6 VP_kPa AVG L

7SR Wpsm_AVG L

8WS mps S WVT L
9WD_deg D1 WVT L
10 WD_deg_SD1 WVT L
11R mm TOT L

12 ST100 C AVG L
13ST200 C AVG L
14 ST300_ C AVG L
15P 100 L

16 SM_100 L

17 P 200 L

18 SM_200 L
19P_300 L

20 SM_300 L

21FM L

22Year RTM L

23WS mps MAX L
24 Temp C MAX L
25Temp C MIN L

26 RH_MAX L

27 RH_MIN L
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222 Output_Table 1440.00 Min
1222 L

2Year RTM L

3Day RTM L

4 Hour_Minute RTM L
5Temp C AVG L

6 Temp C MAX L
7Temp_C MIN L
8RH_MAX L

9RH _MIN L

10 VP_kPa AVG L

11 SR MJpsm TOT L
12WS mps S WVT L
13WD _deg D1 WVT L
14 WD_deg_SD1 WVT L
15WS mps MAX L

16 R_ mm TOT L

17 ST100_ C AVG L

18 ST100_ C MAX L

19 ST100_ C MIN L
20ST200 C_AVG L

21 ST200 C MAX L

22 ST200_ C MIN L
23ST300 C_AVG L

24 ST300 C_ MAX L
25ST300_ C MIN L

26 Batt Volt L

27 SM_100_AVG L
28SM_300 AVG L
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19 Input_Storage 15.00 Min
1R mm TOT L

2Day RTM L

3 Hour_Minute RTM L

4 RanTotd L

333 Output_Table 1440.00 Min
1333L

2Year RTM L

3Day RTM L

4 Hour_Minute RTM L
5Temp C MAX L

6 Temp_C MIN L
7RH_MAX L
8RH_MIN L

9R mm TOT L
10Temp C L

11RH L

12 WS mps L

13WD deg L

14FM L

15WS mps MAX L

Estimated Total Find Storage Locations used per day 1075.0
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